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Quotations 
The chicken is the egg's way of ensuring the production of another egg 
by Samuel Butler (1835-1902) 
A woman possessed a hen that gave her an egg everyday. She often pondered how she 
might obtain two eggs daily instead of one, and at last, to gain her purpose, determined 
to give the hen a double allowance of barley. From that day the hen became fat and 
sleek, and never once laid another egg. 
The Woman and Her Hen 
by Aesop (620-560 B.C.) 
Translated into English by the Reverend George Fyler Townsend (1814-1900). 
Old Woman with a Hen by 
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ABSTRACT 
The aim of this Thesis was to increase understanding of the regulation of 
gonadotrophin (LH and FSH) secretion in poultry with particular reference to ageing 
broiler breeder hens (Gallus domesticus). Measurements were made of plasma LH 
and FSH, and seven mRNAs encoding gonadotrophin subunits (common a-subunit, 
FSH 13,  LH 3), activin 13B,  follistatin and gonadotrophin releasing hormone-I (GnRH-
I) and gonadotrophin inhibitory hormone (GnIH). Observations were made in vitro 
on the gonadotrophic responses of cockerel pituitary fragments to GnRH-I and 
GnIH. 
In broiler breeder hens, plasma FSH and LH were higher in peak-of-lay than in 
end-of-lay birds and this was correlated with higher numbers of yellow yolky ovarian 
follicles and pituitary common a-subunit mRNA, but not with the other mRNAs 
measured. Old out-of-lay hens had higher pituitary FSH 13 mRNA and circulating 
FSH plasma levels than laying hens. This higher plasma FSH in out-of-lay hens was 
suggested to be due to a lifting of the inhibitory feedback effects of ovarian factors. 
Lifting food restriction in laying broiler breeder hens, which are normally food 
restricted to prevent obesity, increased the number of yellow yolky ovarian follicles. 
This was associated with an increase in hypothalamic GnRH-J and pituitary common 
a subunit and follistatin mRNAs and plasma LH, while plasma FSH was depressed. 
There was no change in other mRNAs measured, including GnIH mRNA. The 
expression of incubation behaviour was associated with depressed plasma LH, 
decreased hypothalamic GnRH-I, common a and LH 13 subunit mRNAs and 
increased GnIH mRNA. In photosensitive short day female quail, exposure to 3 long 
vi 
days increased ovarian weight in association with increases in common a and FSH 0 
subunit mRNAs with no change in LH 0 mRNA. 
Incubation of cockerel pituitary fragments with pulses of GnRH-I increased 
pituitary LH release and increased common a, but not LH 0 subunit mRNAs. 
Follistatin mRNA was also increased with no associated change in FSH 0 mRNA. 
Incubation of cockerel pituitary fragments with GnIH for 120 minutes suppressed LH 
and FSH release and common a and FSH13 mRNAs, but not LH13 subunit mRNAs. 
It is concluded that the decrease in egg laying in broiler breeders is a consequence 
of decreased LH and FSH secretion. The decrease in LH secretion in older hens is 
associated with a reduction in common a-subunit mRNA with no change in LHI3 
subunit mRNA. In contrast to mammals, common a subunit mRNA synthesis may 
be a rate-limiting step in LH release in birds. The decrease in FSH secretion in older 
laying hens is not a consequence of reduced FSH(3 mRNA but could involve 
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CHAPTER 1. INTRODUCTION 
1.1 General introduction 
The chicken (Gallus domesticus) is of great economic importance to man for meat 
and egg production. Approximately one quarter of the world's meat consumption is 
derived from poultry, and table egg production is around 280x10 9/year (Sharp, 
1998). The chicken belongs to the order Galliformes, that also includes other 
commercially important domestic birds such as the turkey (Meleagris gallopavo), 
quail (Coturnix coturnix) and guinea fowl (Acryllium vulturinum). Intensive 
selection has produced two distinct lines of commercial chicken with contrasting 
phenotypes (Etches, 1996). Egg laying chickens have been genetically selected for 
high egg productivity, but usually have small bodies that make them undesirable as 
meat producers. In contrast, meat type (broiler) chickens are selected for fast growth 
rate and larger body size with emphasis on meat yield and more efficient feed 
conversion. Selection for growth rate in broiler chickens has impaired the 
reproductive performance of meat-type parent (broiler breeder) stocks. Similar 
effects of selection for growth rate on reproduction also occur in Japanese quail 
(Marks, 1985) and turkeys (Nestor, et al., 1980). Fertile egg production in obese 
broiler breeders is low due to poor egg shell quality as a result of a lack of 
coordination of the eggshell calcification process, to a high incidence of multiple-
yolked eggs (such eggs are rejected by hatcheries because chicks rarely hatch out of 




of eggs produced during a laying year by a broiler breeder flock is -P170 compared to 
-'280 by a layer flock (Robinson et al., 1993). 
Major objectives of commercial poultry breeders are to improve desirable traits in 
poultry in order to maximise efficiency and profit as well as to provide nutritious, 
high quality and appealing food at affordable prices. Our understanding of the 
reproductive physiology of birds can be applied to broiler breeders to understand the 
causes of their poor reproductive performance. 
1.1.1 The origin of domestic fowl 
Drawing on his own observations, Charles Darwin suggested that domestic 
chickens are descendants of wild junglefowl (Darwin, 1875). Archaeological 
evidence provides support for Darwin's hypothesis showing that chickens were first 
domesticated from red junglefowl (Gallus gallus) in South-east Asia before the sixth 
millennium BC. From there they spread north to become established in China by 
6000 BC. It has also been proposed that the main dispersion of chickens throughout 
Europe was during the lion Age and with the aid of molecular tools, this hypothesis 
has been shown to be correct (West and Zhou, 1989). By screening domestic and 
jungle fowl population genomes, with microsatellite molecular markers, it has been 
possible to construct phylogenetic trees which demonstrate evolutionary 
relationships (Romanov and Weigend, 2001). In this way, it has been shown that 
2 
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jungle fowl populations "form a separate, ancestral cluster" which have subsequently 
given rise to modem domestic fowl. 
1.1.2 Commercial Egg Layers and Broilers 
During 8,000 years of domestication the appearance and reproductive physiology 
of the chicken considerably changed. The ancestor of the domestic fowl, the Red 
Junglefowl, lays 10 to 15 eggs per year in the wild, whereas commercial laying hens 
are capable of producing 300 eggs per year. Current breeding strategies for 
commercial laying type poultry have generated specialised grandparent and parent 
lines derived by intense selection, of which by cross breeding produce populations 
with hybrid vigour for key production traits (Preisinger and Flock, 2000). Studies on 
the genetics of the growth rate of poultry began to appear in the 1930s (Asmudson 
and Lerner, 1934) when the economic importance of genetic purity and ornamental 
breeds was shifting to the development of multipurpose breeds with both meat and 
egg production potential. By the 1950s two distinct lines of commercial chicken 
were emerging for egg or meat production, egg layers and broilers, with opposing 
extremes in body weight and reproductive efficiency (Fig 1.1). Small bodied egg 
laying type lines direct more nutrients into egg production than do large bodied 
broilers. Selection of broilers for rapid growth and meat production has resulted in a 
strong negative relationship between body weight and reproductive efficiency 




Figure 1.1 Comparison of laying (left) and broiler (right) strains of commercial chicken at 9 
weeks old illustrating the differences in body size. 
1.1.3 Broiler Breeders: Problems of Reproductive Efficiency 
Broiler breeders must not only have the genetic potential for fast and efficient 
growth, but also for efficient reproduction. Continuous improvements in growth 
performance of meat-type chickens have made the challenge of maintaining a good 
rate of egg production in the parent stocks a difficult task. The poor reproductive 
efficiency of broiler breeder hens is due to problems with the development of an 
orderly ovarian follicular hierarchy and, later in the laying year, with poor 
persistency and erratic egg laying (Hocking etal., 1987, Robinson etal., 1993, Sharp 
et al., 1992) and is a consequence of selection for genes controlling growth rate, and 
genes which are closely linked to them. Both broilers and broiler breeders eat at or 
near the capacity of their gastrointestinal tract when fed ad libitum and appear to 
have lost the mechanism which regulates appetite (Bokkers and Koene, 2003). This 
is in contrast to egg laying stocks that consume only enough food to meet their 
4 
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growth, metabolic and reproductive requirements without excessive food deposition 
(Etches, 1996). Thus, unless the food intake of broiler breeders is limited, the 
resulting obesity has detrimental effects on reproduction, vigour, and viability. For 
this reason, it is commercial practice to restrict the food intake by about 50% of ad 
libitum broilers at 2 weeks of age. 
The chicken ovary is composed of follicles that are divided into hierarchical and 
non-hierarchical subclasses. The hierarchical subclass is composed of large yellow 
yolky follicles (YYFs) (Fig 1.2a). These follicles are the largest in the ovary, 
ranging from -8 and 35mm in diameter. The largest of these is designated Fl and is 
be the next follicle to be ovulated, the smaller follicles in the hierarchy are 
sequentially numbered F2-F6 (Fig 1.2a). This hierarchy tends to be disrupted in the 
broiler hen, particularly at the onset of lay with an over development of YYFs 
(Hocking, 1993; Yu et al., 1992) (Fig 1 .2a,b). The effect of this over development is 
a high incident of soft, thin or poorly shelled, double yolked eggs and a high 
incidence of internal ovulation which is a consequence of the simultaneous ovulation 
of multiple follicles (Hocking, 1987). 
In order to support good hatchable egg production, broiler breeder chickens require 
a sophisticated programme of food restriction to prevent obesity and decrease the 
number of YYFs within the ovary (Fig 1.2a-b; Hocking, 1993; Yu et al., 1992). The 
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breeder hens at the onset of lay are not known, but are associated with ovulation of 
two or more ova on one day. 
Age (weeks) 
Figure 1.2 Problems affecting the reproductive efficiency of broiler breeders. 
a. Ovary of a food restricted broiler hen containing a clear hierarchy of yellow yolky follicles 
(YYFs) identified as F1-F6. b. Ovary of an ad libitum fed broiler breeder hen demonstrating 
the absence of a hierarchy of YYFs. (Courtesy of P. Hocking). c. Reduction in the 
persistency of egg laying in a flock of dwarf broiler breeder hens during a laying year 
(Adapted from Sharp et a!, 1992) 
A high rate of egg production in parents of meat type chickens (broiler breeders) is 
restricted to a relatively brief period of 5-7 months after the onset of egg laying. 
(Robinson etal., 1993, Fig 1.2c) Egg-laying subsequently falls progressively in 
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association with a reduction in the recruitment of ovarian follicles into the yellow-
yolky follicular hierarchy (Palmer and Bahr, 1992; Waddington et al., 1985), a 
reduction in the rate of follicular maturation (Johnson et al., 1986), alterations in the 
sensitivity of the hypothalamus to steroid feedback (Williams and Sharp, 1978) and 
an increased incidence of hens that are completely out of lay with no yellow-yolky 
follicles (YYFs) (Fig 1.2c: Sharp et al., 1992). Poor persistency of egg production 
later in the laying year has a genetic basis, but the genes involved are not known. In 
contrast layer type chickens produce eggs at a high rate for over a year (Etches, 
1996). Identification of genes controlling persistency of egg laying will aid future 
selection programmes aiming to negate unfavourable reproductive traits within 
broiler breeder flocks (see section 1.2). 
1.2 The hypothalamic-pituituary-gonadal (HPG) axis 
Gonadal function in vertebrates is regulated by the secretion of the gonadotrophins, 
lutenising hormone (LH) and follicle stimulating hormone (FSH), which are secreted 
by the adenohypophysis of the pituitary gland. The control of synthesis and 
secretion of LH and FSH involves an interplay between hormones secreted by 
gonads, hypothalamus and anterior pituitary gland which form the hypothalamic-
pituitary-gonadal (HPG) axis and are maintained in homeostatic relationships (Fig 





are regulated by hypothalamic neuropeptides, particularly gonadotrophin releasing 
hormone (GnRH) (see section 1.2.2) and gonadal hormones both steroids (oestrogen 
and progesterone) and proteins (e.g. inhibin) (see section 1.4). Gonadal hormones 
regulate gonadotrophin secretion directly at the level of the pituitary, or indirectly by 
modulating the action of hypothalamic GnRH neurones (see section 1.2.2.3) by 
inhibitory feedback mechanisms that maintain tonic gonadotrophin secretion and by 
a stimulatory feedback mechanism to generate the pre-ovulatory LH surge. Pituitary 
activin and follistatin control FSH secretion in the rat and probably other mammals 
(see section 1.2.4) and, are in turn, controlled by GnRH, but there is no information 
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1.2.1 The gonadotrophins: structure, function and constitutive release 
The discovery of the gonadotrophins can be traced back to the 1920s when surgical 
hypophysectomy (removal of the pituitary gland) in animals was discovered to result 
in gonadal regression and loss of reproductive function. Philip Smith pioneered 
parapharyngeal (through the roof-of-the-mouth) hypophysectomy in the rat, and by 
1927, Smith demonstrated that pituitary hormones controlled gonad development 
(Smith, 1932; Sawyer, 1991). During the subsequent 50 years two gonadotrophin 
molecules were identified with different properties, referred to as luteinising 
hormone (LH) and follicle stimulating hormone (FSH). The discovery of their 
subunit structure and subsequent elucidation of the complete amino acid sequences 
came in the 1960s and 1970s (Li, 1973). The 1980s saw the characterisation of 
gonadotrophin subunit gene sequences in mammals, and the profiling of their 
expression [common a-subunit (Fiddes and Goodman, 1981; Chin et al. 198 1) LH(3 
subunit (Jameson et al., 1984) FSHj3 subunit (Maurer etal., 1987; Esch et al., 
1986)]. 
LH and FSH are members of the family of pituitary glycoprotein hormones that 
include thyroid stimulating hormone (TSH). All members of this family are 
heterodimers formed by non-covalent association of a distinct 3-subunit that confers 
biological specificity (Pierce and Parsons, 1981) and an a-subunit that is common to 
all the members of the family, except for certain fish species where there are two a 
subunits (Van Der Kraak etal., 1992). 
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In mammals, pituitary gonadotrophin a-and j3-subunits are co-expressed in a 
specific cell type in the anterior pituitary gland, the gonadotroph (Childs et al., 
1983), but in the chicken LH and FSH are synthesised in different cell types 
(Proudman et al., 1999; Puebla-Osorio et al., 2002). The LH/3 gene has evolved in 
primates and equine species to produce a fourth glycoprotein hormone subunit: 
chorionic gonadotrophin 13(CGI3) (Li and Ford, 1998), which is synthesised 
predominantly in the placenta. It forms a heterodimer with the a-subunit to make 
chorionic gonadotrophin. The gonadotrophin subunits are encoded for by different 
genes (Maurer, 1987; Jameson etal., 1984; Fiddes and Goodman, 1981; Godine et 
al., 1980) and consequently the synthesis of a mature, biologically competent 
gonadotrophin is dependent not only on 13-subunit biosyntheis but also on a-subunit 
biosynthesis. In mammals a-subunit mRNA is produced in excess of /3-subunit 
mRNAs (Shupnik, 1996; Nilson et al., 1983) implying that gonadotrophin /3-subunit 
mRNAs production could be the rate limiting step for gonadotrophin synthesis. It is 
unknown whether this is the case in birds. The cloning of gonadotrophin subunit 
genes in birds [a-subunit: turkey (Foster and Foster, 1991), quail (Ando and Ishii, 
1994); LHj3 subunit: chicken (Noce etal., 1989), turkey (You etal., 1995), quail 
(Ando and Ishii, 1994); FSHI3 subunit: chicken (Shen and You, 2002)] makes it 
possible to investigate the mechanisms controlling their expression. 
LH and FSH act on the gonads of both sexes through their respective receptors to 
regulate reproductive activity. In the hen, FSH receptor protein, FSH receptor 
mRNA and FSH stimulated adenyly cyclase activity have been observed to be 
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prominent in the granulosa layer of prehierarchical follicles up to the third (F3) 
largest YYF (You et al., 1996). Moreover, FSH receptor mRNA is lower in atretic 
than in morphologically normal 3- to 5-mm follicles (You et al., 1996). These 
observations indicate that FSH is important in maintaining the viability of 
prehierarchical follicles and in initiating granulosa cell differentiation at the time 
follicles are selected to enter the preovulatory hierarchy. The role of chicken FSH is 
to stimulate granulosa cell proliferation, induce steroid synthesis from F6-F3 YYFs, 
and to increase numbers and growth of small white and yellow follicles (Palmer and 
Bahr, 1992). Responsiveness of ovarian follicles to FSH decreases as they mature 
with a decrease in FSH-stimulated steroidogenesis and adenylyl cyclase activity 
between F3 and Fl YYFs. This is associated with a decline in granulosa cell FSH 
receptor numbers (Ritzhaupt and Bahr, 1987). This decline in FSH receptor numbers 
with ovarian follicular maturation is inversely related to an increased responsiveness 
to LH which is correlated with progressive increases in LH receptor mRNA as 
follicles approach ovulation (Zhang et al., 1997). LH stimulates progesterone 
production in the preovulatory follicles and ovulation of the Fl follicle (Etches and 
Cunningham, 1976). 
Biological activity is only exhibited by gonadotrophin j3-subunits when they are 
bound to common a-subunit and are appropriately glycosylated (Willey, 1999). The 
The observation that glycoprotein hormone a-subunit combines non-covalently with 
both the gonadotrophin 3 and TSH3 -subunits to confer biologically specificity 
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suggests that regions within the three dimensional protein structure of FSH3, LHj3 
and TSHj3 subunits are very similar, which makes it difficult to develop specific 
antibodies for glycoprotein hormone quantification assays. In addition, the 
circulating gonadotrophins are secondarily modified through saccharide moities 
which makes them highly heterogeneous, and creates further specificity problems in 
the immunoassays used to measure them. The saccharide component of glycoprotein 
hormones play a role in protein folding, determining the circulating half-life, binding 
to receptors and signal transduction (Ulloa-Aguirre et al., 2001). Human FSH is 
heavily secondarily modified with sialic acid-enriched oligosaccharides while LH is 
sialylated to a lesser extent (Green and Baenziger, 1988). 
There is evidence that FSH release is predominately constitutive in mammals and 
birds. Using pulse-chase labelling Muyan and colleges (1994) showed that one third 
of newly synthesised FSH enters a storage pathway, while most is released 
immediately after biosynthesis. Further, in rats, GnRH antagonists (Grady et al., 
1985; Kartun and Schwartz, 1987) or GnRH immunoneutralization (Culler and 
Negro-Vilar, 1986) show that while LH secretion is suppressed, FSH release remains 
relatively unchanged. In cultured Japanese quail pituitary glands the amount of FSH 
released into media was found to be three times more than the original pituitary 
content indicating that constitutive FSH secretion also occurs in birds (Hattori et al., 
1986). Taking into account that most FSH secretion is constitutive, it can be argued 
that measuring FSHfl  mRNA provides an alternative to plasma FSH measurements in 
evaluating FSH secretory dynamics. 
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In mammals, LHi3 and a-subunit mRNAs are poorly correlated with plasma LH 
(Winters, 1996) and, after synthesis, LH is predominantly packaged and stored in 
secretory granules prior to GnRH-stimulated release (McNeilly et al., 2003; see 
section 1.2.2). However, there is evidence that LH release, at least in part, is also 
constitutive in mammals. For example, after the preovulatory LH release in sheep 
gonadotrophs contain few LH positive granules. This reduction in stored LH is 
associated with an absence of GnRH-stimulated, pulsatile LH release (see section 
1.2.2.3), and the maintenance of tonic LH secretion and LHj3 subunit protein in the 
rough endoplasmic reticulum (Crawford et al., 2000). This observation suggests that 
tonic LH secretion after preovulatory release may be partly constitutive. 
1.3 Hypothalamic control of gonadotrophin subunit gene expression 
and release 
In birds, as in other higher vertebrates, reproductive activity is controlled by 
developmental and environmental cues [photoperiod (Dunn and Sharp, 1999; Dunn 
etal., 2003; Thiery etal., 2002); social (Moffart, 2003); developmental (Wilson et 
al., 1989; Dunn and Sharp, 1999; Dunn etal., 2003), stress (Cameron, 1997; Smith et 
al., 2003)]. The information derived from these stimuli is integrated in the brain to 
regulate concentrations of plasma gonadotrophins and gonadal hormones. The brain 
area known as the hypothalamus is the link between the higher sensory central 





hypothalamic control of LH and FSH is mediated by regulatory hormonal factors 
neuropeptides secreted by parvocellular (small-cell) neurosecretory cells. The axons 
of the parvocellular neurosecretory cells project terminate on, and secrete 
neuropeptides into a special set of capillaries, the hypophysial portal vasculture, 
covering the base of the hypothalamus over a structure called the median eminence, 
which drain into the anterior pituitary gland. The median eminence is of key 
importance within the hypothalamic-pituitary-gonadal axis being the interface of 
communication between hypothalamus and pituitary and hence an integrative area of 
the nervous and endocrine system. The portal vasculature carries hypothalamic 
neuropeptides to the anterior pituitary where they bind to respective receptors to 
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Figure 1.4 Sag ittal section of Japanese quail (Coturnixjaponica) brain illustrating the 
anatomical relationship between hypothalamus, median eminence and anterior pituitary 
gland. C= Cerebellum HB= Hind Brain H= .; 	 ME 	Er 	A= 
An 	 OC= Optic Chiasma CH= Cerebral Hemisphere. (Courtesy of P. J. Sharp). 
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1.3.1 Neurosecretion and discovery of gonadotrophin releasing 
hormone (GnRH) and its isoforms 
It was first demonstrated in the 1930s that electrical stimulation of the hypothalamus 
induces ovulation in the rabbit (Harris, 1937). Initially the link between 
hypothalamus and pituitary was assumed to be neural. Subsequent studies 
established that "releasing factors" produced in neurones of the hypothalamus were 
released into hypophysial portal vasculature through terminals in the median 
eminence and are transported to the anterior pituitary to stimulate gonadotrophin 
secretion (see section 1.2.2.2). 
This conclusion was drawn from the observation that transplantation of the anterior 
pituitary to the kidney capsule in female rats abolished reproductive function, but 
ovulatory cycles resumed if the pituitary was returned to its normal location close to 
the median eminence (Nikitovich-Winer and Everett, 1958). Direct inference with 
hypothalamic activity by means of surgical or electrolytic lesions or by sterotaxically 
positioned knife cuts showed that this part of the brain plays a central role in the 
regulation of gonadotrophin secretion in birds including the Japanese quail (Sharp 
and Follett, 1969), chicken (Ravona et al., 1973), and turkey (Opel, 1979). The fact 
that surgical interference with the hypothalamus inhibits reproductive function 
implied the existence of an avian gonadotrophin releasing factor. The first direct 
evidence for such a factor came from the demonstration that infusion of chicken 
hypothalamic extract into the pituitary gland induced ovulation in the hen (Opel and 
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Lepore, 1972), and that incubation of chicken pituitaries with quail hypothalamic 
extract stimulated gonadotrophin release (Follett, 1970). 
1.3.2 Structure and function of GnRH and GnRH receptor isoforms 
Research to establish the identity of hypothalamic gonadotrophin releasing factors 
started in the 1960s and by the early 1970s the amino acid sequence of both porcine 
and ovineGnRH was shown to be a decapeptide (Table 1.1; Matsuo et al., 1971; 
Burgus etal., 1972). This decapeptide sequence was found to be the same in human, 
mouse and rat (Seeburg and Adelman, 1984; Mason etal., 1986; Adelman et al., 
1986). The amino acid sequence of a non-mammalian form of GnRH was first 
described in birds when chicken (ch)GnRH-I was purified and the structure (Table 
1.1) was found to differ from the mammalian sequence at position 8 where arginine 
was substituted for glutamine (King and Millar, 1982; Miyamoto et al., 1982). The 
amino acid sequence of a second form of chicken GnRH, GnRH-II, was described by 
Miyamoto and colleagues (1984). This second form of GnRH was also a 
decapeptide, with three different amino acid residuals compared with both 
mammalian (m)GnRH-I and chGnRH-I. The three differences are histidine at 
position 5, tryptophan at position 7, and tryrosine at position 8. A third GnRH, 
lamprey (1) GnRH-III (Sower et al., 1993), has been also been reported in the avian 
brain. 
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(Bentley et al., 2004; Berghman et al., 2000) and differs from chGnRH-I in postions 
3, 5, 6 and 8 (Table 1.1). The conserved carboxyl and amino terminal amino acid 
sequences and peptide length within the three GnRH isoforms indicates that these 
features are critically important for receptor binding and activation (Miller et al., 
2004). 
Table 1.1 The amino acid structure of chicken GnRH-I, GnRH-II and lamprey GnRH-III. Bold letters 
indicate the differences in the amino acid sequence of these decapeptides. Data from King and Millar 
(1982), Miyamoto et al., (1982, 1984), Sower et al., 1993) 
Neuropeptide 	 amino acid structure 
Chicken (ch)Gn RH-I 	 G lu 1 -H 	 10 N H2 
Mammalian (m)GnRH-I 
Chicken GnRH-I I 
Lamprey (l)GnRH-!!I 
GnRH-II, which occurs in all non-agnathan vertebrates, is considered to be 
ancestral for most of the 15 isoforms of GnRH known to date (Dubois et al., 2002), 
since it is evolutionarily conserved (Millar, 2003; Neill et al., 2004). Molecular 
phylogenetic analysis shows that the gene encoding for GnRH-II is likely to be the 
result of gene duplication before the evolution of vertebrates (White et al., 1998). It 
is uncertain whether GnRH-II plays a physiological role in the regulation of 
gonadotrophin secretion at the level of the pituitary gland in birds and mammals but 
there is evidence in fish that GnRH-II controls gonadotrophin function (Khakoo et 
al., 1994; Kim etal., 1995). 
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GnRH mediates its action on the pituitary gonadotrophs by activating second 
messenger systems after binding to its receptor. For example, an important mediator 
of cellular GnRH signaling is intracellular Ca 2 - a net influx of calcium ions causes 
LH secretion from the gonadotrophs of both mammals (Anderson, 1996) and birds 
(Liu et al., 1995) and also results in increased gonadotrophin subunit gene expression 
in rats (Haisenleder etal., 2001). The amino acid sequence of the GnRH receptor 
was first deduced in the mouse (Tsutsumi et al., 1992) and provided the basis for the 
cloning of GnRH pituitary receptors from the rat (Kasier et al., 1992), human (Chi et 
al., 1993), sheep (Brooks et al., 1993), cow (Kakar et al., 1993) and pig (Weesner 
and Matteri, 1994). Homologues of the mammalian GnRH receptor have been 
cloned from marsupials (King et al., 2000), chickens (Sun et al., 2001), amphibians 
(Wang et al., 2001) and fish (Tensen et al., 1997). The non-mammalian GnRH 
receptors with the greatest homology to the mammalian pituitary receptors have 
-45% amino acid identity but show 58-67% identity among themselves (Millar etal., 
2004). Although there is some debate on nomenclature, in this Thesis these GnRH 
receptors are designated type I. This poor conservation of the sequence of the 
mammalian type I GnRH receptors with the non-mammalian GnRH receptors maybe 
explained by a sudden acceleration in evolutionary change between non-mammals 
and mammals that has resulted in the loss of the carboxyl terminal tail in the 
mammalian type I receptor, a unique feature among G protein-coupled receptors. 
The change in the structure of the mammalian type I GnRH receptor has altered its 
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function (see section 1.2.2.3). The presence of three GnRH isoforms in most 
vertebrates including birds could be associated with three specific GnRH receptor 
subtypes. In addition to the type-1 GnRH receptor, a type II GnRH receptor has been 
cloned in new and old world monkeys, pigs, amphibians and reptiles, although 
premature stop codons or deletions occur in the type-Il GnRH receptor mRNA 
transcripts observed in the human, chimpanzee, cow and sheep (Millar, 2003). The 
transcripts in these species are therefore incapable of being translated to a full length 
protein and presumably are non-functional as a receptor. 
With respect to the control of gonadotrophin secretion, by far the most intensively 
studied GnRH isoform is mGnRH-I. The pivotal role played by mGnRH-I in 
reproduction was illustrated by observations on the hypogonadal (hpg) mouse 
(Cattanach et al., 1977). In this animal, an autosomal recessive mutation truncates 
the mGnRH-I gene resulting in undetectable gonadotrophin secretion and 
hypogonadism. Transplantation of hypothalamic tissue from wild type mice (Krieger 
et al., 1982) or introduction of a complete mGnRH-I gene into the genome of the hpg 
mouse (Mason et al., 1986) corrects HPG axis activity and supports full reproductive 
function. Research on the hpg mouse has demonstrated that full gonadal actvity is 
primarily dependent on a functional mGnRH-I neuronal system (Seeburg et al., 
1989). 
Most of GnRH-I is synthesised and processed in the preoptic area (POA) of the 
hypothalamus and packaged into storage granules that are transported down axons to 
the external zone of the median eminence (Seeburg et al., 1987; Fink, 1988). 
19 
Chapter 1 	 Introduction 
The secretion of GnRH-1 is controlled first at the level of biosynthesis, which may 
involve changes in gene transcription, rnRNA stability and in enzymatic processing 
of the GnRH-I pre-propeptide (Srinivasan et al., 2004; Son et al., 2003; Dunn and 
Millam, 1998) and secondly at the level of storage and release from the median 
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Figure 1.5 The GnRH-1 neurone. GnRH-1 neuronal function is controlled at the level of 
synthesis and processing in the cell body and at the level of GnRH-1 release within the 
terminals of the median eminence. 
Investigations into the functional significance of GnRH-I in birds were initiated 
using mGnRH-I in the chicken, where it was found to induce ovulation and elicit an 
increase in plasma LH (Bonney et al., 1974, Johnson etal., 1984; Van Tienhoven 
and Schally, 1972) and to stimulate LH secretion from in vitro pituitary preparations 
(Tanaka et al., 1974). Following the identification of the amino acid sequence of 
chGnRH-I, King and colleges (1986) showed chGnRI-I-I also stimulates LH release 
from chicken pituitary cells in vitro. 
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In mammals, mGnRH-I plays an important role in stimulating the transcription of 
the gonadotrophin a- and LH3 and FSHI3 subunits (see section 1.2.2.3) but there is 
limited information on the effect of GnRH-I on the synthesis of gonadotrophin 
subunits in birds. In a study using cultured turkey pituitary cells, chGnRH-I 
stimulated LHj3 subunit mRNA and LH secretion (You et al., 1995) while a similar 
experiment in the chicken failed to demonstrate an effect of chGnRH-I on LHi3 
subunit mRNA production (Marsden et al., 1994). There is also evidence in the 
turkey that a-subunit mRNA (Foster et al., 1992) and in the chicken, that FSHjI 
subunit mRNA (Shen and Yu, 2002) is stimulated by chGnRH-I. 
In the chicken, the secretion and biosynthesis of FSH may be autonomous or at 
least markedly less dependent on chGnRH stimulation than LH. Using the Krishnan 
chicken FSH RIA (Krishan et al., 1993) to measure FSH, chGnRH-I injections do 
not increase plasma FSH in juvenile hens (Dunn et al., 2003), cockerels (Krishnan 
et al., 1993) nor in laying hens (Buggerman et al., 1998b). These results contrast 
with data obtained using a chicken FSH immunoassay developed by Sakai and Ishii 
(1980). Using this assay, plasma FSH increased in quail and chicken after the 
administration of chGnRH-I although to a lesser extent than an increase in plasma 
LH (Hattori et al., 1985). Further, using a heterologous mammalian FSH 
radioimmunoassay (Follett, 1976), chGnlR}T-I was observed to stimulate chicken 
FSH release in vitro (Millar et al., 1986). These discrepancies in the effect of 
chGnRT4-I on chicken FSH release may by explained by the relative lack of 
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specificities of the Sakai and Ishii and Follett assays compared with the more 
recently developed Krishnan et a! assay. 
The likely absence of an acute stimulatory effect of chGnRH-I in FSH secretion 
suggests that LH and FSH release in the chicken are differentially controlled. This 
view is supported by the observation that, in broiler breeder cockerels, the pattern of 
pulsatile FSH secretion is different from that of LH (Vizcarra et al., 2004), and in the 
hen, the preovulatory surge of plasma LH is not accompanied by a change in the 
concentration of plasma FSH (Lovell etal., 2000; Vanmontfort etal., 1994; 
Krishnan et al., 1993). Early studies in mammals addressed the possibility that FSH 
is controlled by a FSH-releasing factor (RF), which might be an analogue of 
mGnRH-I (Dhariwal et al., 1965). In support of this view, lesions in the median 
eminence of castrated rats suppressed LH pulses, but not FSH pulses, whereas 
animals with posterior to mid-median eminence lesions had no FSH pulses but 
maintained LH pulses (Marubayashi et al., 1999). Similarly, ablation of the dorsal 
anterior hypothalamus of ovariectomised female and castrated male rats suppressed 
FSH, but not LH secretion (Mc Cann et al., 1983). Collectively these results raise 
the possibility that there is another hypothalamic factor that preferentially releases 
FSH. 
A possible candidate is GnRH-II, the neuropeptide preferentially stimulates both 
mammalian (Millar et al., 2001; Padmanabhan et al., 2003) and avian (Millar et al., 
1986) FSH secretion. In fact, GnRH-II is reported to be more than ten fold more 
potent than chGnRH-I in stimulating chicken FSH release in vitro (Millar et al., 
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1986). In this study, avian FSH was measured using a heterologous mammalian FSH 
radioimmunoassay (Follett, 1976), and consequently these data must be accepted 
with caution (see above). Further, in sheep, a bolus injection of GnRH-II produces a 
higher ratio of FSH to LH secretion than observed with GnRH-I (Millar et al., 2001). 
The possibility that GnRH-II is a selective FSH-RF is further supported by the 
presence of type II GnRH receptors in some mammalian pituitary gonadotrophs 
(Millar, 2003). In the chicken functional evidence points to one GnIRH receptor 
being present in the pituitary gland (type I GnRH receptor) that mediates the action 
of both chGnRH-I and GnRH-II (King et al., 1988). Moreover, GnRH-II stimulation 
of FSH and LH in mammals is completely blocked after administration of specific 
type I GnRH receptor anatagonists (Gault et al., 2003; Densmore et al., 2003; Okada 
et al., 2003) suggesting that the action of GnRH-II on the gonadotrophs is mediated 
by the type I GnRH receptor as may be the case in birds (Millar et al., 1986; King et 
al., 1988). However, a chicken type II GnR.H receptor has recently been cloned 
(accession number: NM 00 10 126009), but it remains to be established whether this 
preferentially mediates the gonadotrophic action of either chGnRH-I or GnRH-II. 
The physiological relevance of GnRH-II in controlling gonadotrophin secretion is 
unclear in mammals and birds. In the rat, mGnRH-I fibers are abundant in the 
median eminence (Jennes and Conn, 1994) while, in contrast, GnRH-II fibers are 
rarely seen in the musk shrew median eminence (Rissman et al., 1995). 
Furthermore, hpg mice that lack a functional mGnRH-I peptide and do not ovulate or 
secrete LH, have GnRH-II immunoreactive cells and fibers within the hypothalamus 
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(Chen et al., 1998). In the chicken GnRH-II is absent or not abundant in the median 
eminence (Sharp et al., 1990; Mikami et al., 1988), but in the Japanese quail, a 
combined immunocyctochemical and high pressure liquid chromatography study 
shows the median eminence contains abundant GnRH-II terminals (Van Gus et al., 
1993). Critically, no detectable release of GnRH-II has been reported from the avian 
median eminence (Millam et al., 1998) and active immunization against chGnRH-I 
but not GnRH-II induces ovarian regression in the laying hen (Sharp et al., 1990). 
Although the functional significance of GnRH-II is not clear, exogenous 
administration of GnRH-II is more potent in releasing LH than chGnRH-I in the 
laying hen (Sharp et al., 1990; Wilson et al., 1989) and in the turkey hen (Guemene 
and Williams, 1999) which may be due to the higher affinity of GnRH-II for the 
chicken pituitary type I GnRH receptor (Hasegawa et al., 1984). 
A second possible candidate FSH-RF is GnRH-III. Yu et al. (1997) reported that, 
in the rat, GnRH-III has selective FSH releasing activity, however, more recent 
studies on the effects of GnRH-III on mammalian FSH release do not confirm this 
finding (Kovacs et al., 2002, Amstalden, et al., 2004). Further, GnRH-III terminals 
are abundant in the chicken (Berghman et al., 2000) and sparrow (Bentley et al., 
2004) median eminence. 
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1.3.3 GnRH pulsatility 
As demonstrated in the horse (Irvine and Alexander, 1993), sheep (Clarke, 2002; 
Padmanabhan et al., 1997), cow (Rodriguez and Wise, 1989), and rat (Levine and 
Remirez, 1982) mGnRH-I is secreted from the hypothalamus in pulses that vary in 
their frequency and amplitude to change the information content of the message to 
the anterior pituitary gland. The pulsatile release of GnRH-I results in the pulsatile 
release of LH (e.g. humans: Reame et al., 1984, rats: Fox and Smith, 1982, sheep: 
Moenter et al., 199 1) Due to the technical difficulty of measuring the concentration 
of the chGnRH-I in the hypophysial portal vasculature of birds, the pattern of 
chGnRH-I release has been inferred from measurements of the concentration of LH 
in blood samples taken at frequent intervals in chicken (Wilson and Sharp, 1975a; 
Vizcarra et al., 2004), quail (LJrbanski, 1984), and turkey (Bacon et al., 1991) or 
from in vitro observations of GnRH-I secretion from the quail hypothalamus 
(Ottinger etal., 2004; Millam et al., 1998; Li etal., 1994). 
In adult male chickens, pulses of LH release typically recur at intervals of 1-3 
hours with the increase in plasma concentrations of LH being as high as 300% of 
baseline values (Wilson and Sharp, 1975a; Vizcarra et al., 2004). In the laying hen 
(Wilson and Sharp, 1975a) and turkey (Bacon and Long, 1995) episodic release of 
LH is undetectable. This does not necessarily mean that in vivo chGnRH-I is not 
episodically released and evidence for episodic LH discharges has been obtained 
from ovariectomised hens (Wilson and Sharp, 1975a) while in vitro release of 
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GnRH-I from female quail hypothalamic slices is pulsatile (Ottinger et al., 2004). 
The absence of a detectable episodic LH release in the laying hen may be a 
consequence of the inhibitory effects of high concentrations of plasma oestrogen on 
the pituitary gland (see section 1.4). 
In mammals an episodic pattern of mGnRH-I release is required for normal 
pituitary function. The secretion of LH and FSH can only be maintained with 
pulsatile mGnRH-I stimulation: continuous exposure causes a desensitisation of 
pituitary gonadotrophs and a reduction or complete loss of LH and FSH secretion 
(Belchetz etal., 1978; Weiss etal., 1990a; Weiss et al., 1990b). Differences in 
mGnRH-I pulse frequency and amplitude provide a mechanism for regulating LH 
and FSH secretion differentially, with high frequency GnRH pulses favouring LH 
secretion and low frequency pulses favouring FSH release (Wildt et al., 1981; Jayes 
etal., 1997). In the rat, these frequency-dependant effects have been shown to occur 
in vivo and are mediated by regulating concentrations of gonadotrophin subunit 
inRNAs (Haisenleder etal., 1991; Dalkin etal., 1989). Similarly, exposure of 
cultured rat pituitary cells to varying mGnRH-I pulse frequencies result in 
differential changes LHj3 and FSH3 gene expression, and in LH and FSH release 
(Burger etal., 2002; Kasier et al., 1997) that are similar to observation made in vivo. 
Fast pulses of mGnRH-I up-regulate LH3 subunit mRNA and LH release as well as 
type I GnRH receptor mRNA, while slow mGnRH-I pulses up-regulate FSHj3 
subunit mRNA and FSH secretion (Kasier et al., 1997). This up-regulation of 
gonadotrophin f3-subunit mRNAs in response to differential mGnRH-I pulse 
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frequency is due, at least in part, to an increase in gene transcription (Bedecarrats and 
Kaiser, 2003). In contrast, there are no differences in the degree of stimulation to a-
subunit mRNA in response to exposure to different frequencies of mGnRH-I pulses 
and there is evidence that a-subunit mRNA increases in response to continuous 
exposure to mGnRH-I (Weiss et al., 1990b). The number of GnRH receptors present 
on the cell surface of a gonadotroph is important in mediating pulse frequency 
dependent changes in FSHj3 gene expression and release in the rat. Over expression 
of GnRH receptor in the gonadotroph cell line, Lj3T2 causes a reduction in mGnRH-I 
stimulated FSH3 promotor activity (Bedecarrats and Kaiser, 2003). It has not been 
established if differential GnRH pulse frequency affects concentrations of chicken 
gonadotrophin subunit mRNAs, and LH and FSH secretion. 
Although direct evidence for pulsatile secretion of chGnRH-I is lacking in birds,. 
cultured chicken pituitary cells, like mammalian cells, become desensitised in 
response to continuous stimulation with chGnRH-I (King et al., 1986) and this has 
been attributed to internalisation of the type I GnRH receptor (Pawson et al., 1998). 
Such desensitisation is consistent with the requirement for a pulsatile manner of 
chGnRH-I presentation to support gonadotrophin secretion. This view is further 
supported by the observation that prolonged treatment of laying hens with long 
acting GnRH agonists results in an inhibition of ovulation, cessation of egg laying 
and ovarian regression (Dickerman and Bahr, 1989). Similarly treatment of 
cockatiels with GnRH agonist blocks photoinduced egg laying (Millam and Finney, 
1994). However, chicken pituitary cells differ from mammalian cells in that 
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desensitisation of the type I GnRH receptor is more rapid (King et al., 1986). This 
has been ascribed to the cytoplasmic C-terminal tail of chicken type I GnRH receptor 
(Pawson et al., 1998), which is lacking in the mammalian type I GnRH receptor 
(Davidson et al., 1994). 
1.3.4 Gonadotrophin Inhibitory hormone (GnIH) 
In 2000, a novel 12 amino acid neuropeptide (Ser-Ile-Lys-Pro-Ser-Ala-Tyr-Leu-
Pro-Leu-Arg-Phe-NH 2) was isolated from the Japanese quail hypothalamus which 
was found to inhibit gonadotrophin secretion in vitro and was accordingly named 
gonadotrophin inhibitory hormone (GnIH) (Tsutsui et al., 2000). GnIH is a member 
of a family of neuropeptides classified as Rfamides, which are characterised by a C-
terminal Arg-Phe-NH 2 motif and are accordingly referred to as RFaniides. 
Immunocyctochemical studies using RFamide antiserum show that these RFamide-
peptides are localised in the nervous system suggesting that they act as 
neurotransmitters or neuromodulators. 
The first RFamide peptide, Phe-Met-Arg-Phe-NH 2 (FMRFamide) to be described 
was isolated from the nervous system of the bivalve mollusc Macrocallista nimbosa 
(Price and Greenberg, 1977), and RFamides were found to occur in all classes of 
cnidarians, suggesting that these peptides may have been among the first 
neurotransmitters to evolve (Grimmelikhuijzen etal., 1996). A large family of 
RFamide peptides were subsequently identified in the nervous system of mammals 
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(Yang etal., 1985; Hinuma etal., 1998), fish (Fujimoto etal., 1998), amphibians 
(Koda etal., 2002), reptiles (Vallarino etal., 1994), and birds (Dockray et al., 1983) 
(Table 1.2). One of the functions of RFamide peptides may be a role in the 
neuroendocrine control of the pituitary gland. This hypothesis is derived from the 
discovery of hypothalamic RFamide peptides with prolactin releasing activity in the 
rat (Hinuma et al., 1998) and growth hormone releasing activity in amphibians 
(Koda et al., 2001). It maybe relevant to note that another RFamide, kisspeptin 
(KISS 14, Table 1.2) has been found to stimulate gonadotrophin secretion in the rat 
by acting on the mGnRH-1 neuronal system (Messager et al., 2005; Seminara and 
Kaiser, 2005). 
Table 1.2. Augment of hypothalamic RFamide peptides found in various species with bovine NPAF 
Peptide 	Amino acid sequence 	Species 	Function 
NPAF ABGL.5SPFWSLAAPQRF -NH2 bovine Pain modulation 
NPAF human 	 EGLNSPFWSLAAPQRF-NH2 human 
NPSF 5LAAPQRF-NH2 bovine, human 
.NPFF LFPQRF-NH2 - ovine, human 
GnIH-RP- 2 SSIQ5hLNLPQRFN1I2 uai1 
FGRP SIKPAANLPLRF-NH2 frog GM release 
RFRP-2 SAGATA1LPLR-NH2 :ovine 
RFRP-j MPHSFANLPLRF-NH2 o.-)vine 
RFRP-3 VPNLPQRF-NH2 bovine 
nIH J.fl(1- .AYLPLRF-NH2 :uail LM inhibition 
LPLRFamide LPLRF-NH2 hicken 
RFRP LPQRF-NH2 - 
PrRP20 TPDIPAWYAGRGIRPVGRF-NH2 b Pr I 	tin release oac 	ovine 	  
PrRP31 SRHQHSME:?TPIJI::PAWYAGRGIRPVGRF-NH2 oovine 
C-RFa bPEIhPW'iVGRCVRPIGRF-NH2 .arp 
KISS-14 [;LPNYNWNSPC1RF-NH2 iuman, 	rat GnRH-1 stimulation 
P518 TSPGLGNLAEELNGYSR:KKGGFSF'RF-NH2 human 
NPAF, NPSF, NPFF: Yang etal., 1985; GnIH-RP-2: Satake etal., 2002; FGRP: Koda etal., 
2002; bovine RFRP 1-3: Hinuma etal., 2000; GnIH: Tsutsui etal., 2000; LPLRF: Dockary et 
al., 1983; rat RFRP:Ukena etal., 2002; PrRP: Hinuma etal., 1998; C-RFa: Fujimoto etal., 
1998; KiSS-14: Kotani etal., 2001; P518: Jiang etal., 2003. 
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Avian GnLH cDNA was first cloned in the Japanese quail (Satake etal., 2001) and 
antiserum against the Japanese quail GnIH peptide sequence has been produced 
(Tsutsui et al., 2000). In the chicken, GnIH mRNA is found only in the 
hypothalamus and not in other brain areas or body tissues (Fig 1.6). 
Immunocytochemistry shows that the highest numbers of GnIH-immunoreactive cell 
bodies are in the paraventricular nucleus with abundant immunoreactive nerve 
terminals in the median eminence (Song Sparrow: Bentley et al., 2003, Quail: Ukena 
etal., 2003, chicken: Fig 1.7). A quail gene encoding GnIH receptor has been 
cloned, and shown to be expressed in the quail pituitary gland (Yin et al., 2005; 
Ikemoto and Parks, 2005). 
= 1 2 3 45 6 7 8 91011121314151617181920212223B = B B 
—' —S. 
a.nIH 
- 2 3 4  5 6 7 8 9 10 11 12131415161718 1920212223 B 	B B 
NOW  S. WO wow  S. WW vow S. WW S. S. S. MWO S. wow 
b.)/9-Actin 
Figure 1.6. Tissue distribution of GnIH mRNA in the chicken. a). RT-PCR amplification 
of mRNA from chicken tissues using oligos specific to the GnIH cDNA sequence (see 
section chapter 2, section 2.5.5). b). Test of cDNA integrity by amplification of fl-actin. 
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Figure 1.7 Immunostaining of GnIH within the chicken hypothalamus using a GnIH antibody 
raised against the quail GnIH (Tsutsui, et al., 2002) a). GnIH cell bodies and fibres within the 
paraventricular nucleua (PVN) and b). GnIH nerve fibres within the median eminence. 
(Courtesy of S. Lumineau and P. J. Sharp). 
It is therefore concluded that Gnll-I and the GnIH receptor are located appropriately 
to be involved in the neuroendocrine control of pituitary gland function. The 
observation that some GnRH-I neurones appear to make synaptic contact with Gnu-I 
fibres in sparrows suggests that GnH-I may also control gonadotrophin release at the 
level of the hypothalamus by regulating GnRH-I neuronal activity (Bentley et al., 
2003) as well as at the level of the pituitary gland. 
The GnIH precursor polypeptide in the quail, White-crowned sparrow and chicken 
includes at least three RFamide peptide sequences (Table 1.3), comprising a single 
copy of GnIH, SIRPSAYLPLRF flanked by a glycine C-terminal amidation signal 
and a single basic amino acid on each end as an endoproteolytic site and GnIH gene-
related peptide I (GnIH-RP-1), and GnIH-RP-2 (Table 1.3, Satake et al., 2004). 
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Both of these related peptides are flanked by amidation signals. Their peptide 
sequences contain a C-terminal LPXRF sequence (X= L in GnIH-RP- 1 or Q in 
GnIH-RP-2), which is identical with or similar to the sequence LPLRF at the C-
terminus of GnIH. The high conservation of LPXRF sequence in the chicken, quail 
and White-crowned sparrow (Table 1.3) suggests that all three RFamides in the 
GnIH precusor polypeptide may be of functional significance. It is of interest to note 
that the mammalian orthologues of the avian GnIH percusor polypeptide indicate that 
they can not be further processed to form GnIH, but could be processed to form 
mammalian orthologues of avian GnIH-PP- 1. Consequently GnIH-RP- 1 may have a 
similar function in birds and mammals, while GnIH and GnIH-RP-2 may be unique 
to birds. 
Both GnJH and GnIH-RP-2 peptides has been demonstrated in the quail brain 
(Satake et al., 2001) but only the functional significance of GnIH has been 
investigated. This peptide inhibits LH but not prolactin secretion from cultured adult 
male quail pituitary glands, but an inhibitory effect on FSH release has not been 
demonstrated conclusively (Tsutsui et al., 2000). In vivo, GnJH has a transiently 
depressive effect on plasma LH in the white crowned sparrow (Zonotrichia 
leucophrys gambelii), and co-injection of a GnJH rapidly attenuates GnRH-I 
stimulation of LH release in song sparrows (Melospiza melodia) (Osugi etal., 2004). 
The effect of Gnll{ on LH and FSH secretion in the chicken has not been reported. 
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Table 1.3 Amino acid sequence of avian GnIH precursor polypeptides and mammalian orthologues 
Signal peptide 
Hen 	 PEE Il SSV.L TI 1. I.TLATSS L LTNIFCDE LVflS)jI.H$NE-Ny0Ky3EP1yp--X9ERzL. 57 
Bovine NEll SL TI 1. UILATSS I. LTSNI FCDE3 P)ILYSKK-NYIJKTSE PRXXfl.GWEEERBL 59 
Mouse 	 NE I ISU(RF! ILTVATSS FLTB)JT t1)EF 4PMF6ZKE-C)GKYZ 0 LROIPK&EKERZV 59 
Rat XEII$53TI LITLATZS TLTSNTLCDE I W5(nI5I -&YGKTYOLRIIPK&VEERZV 59 
Chicken 	 NEV13TKTI 1. LTI ATVATLTPWNC.DEIJ4](3S LE 5REED)DKYTN I10)5ZLEERW 	60 
Quell  
  
flZ I xsrurx  i  1TLATVAFLTP1CU 	60 
Sparrow 	 NEVISflCrII?ALAWVFLTNNZMC ZA1RLQ5RZDLDX1YE I0 	WS  60 
Wen N1I.NEWGPKNVIKN3TPAVNEMpM3 FAJLPLRFQPNVQEERZAGATAJILPLRSGRTII? 117 
Bovine TYJAPX-- X3JXP VVN}0? PEAAN LPLRFGPiaCE1EP5TRAJIAHLPLRLGa 	117 
Mouse S FuEL 	GAXNVIIOSS PA PANK'VPHIAAMLPLRYGRT1bEIPAARV -------- t 111 
Ret Tr0EuA1rzpApAMVpHzAALpLRrGRIEDppRARA -------- N2 111 
Chicken UFJ6IIILVNTPTVM<VPJVAMLPLP F&PSNPEE9,Z IRPSAYLPLiiRA7Q 120 
Quell IK?SAYLPLPF$IRAFG 120 
Spar row U FEENEE'.IG$KD Ii KM)iP rrASl.31 PWS VAN LP 	RS''PEE4I! 7 FSNL PLR MRAM 120 
3 - 	 11 	 -i 
Human V5LVRRVPBL PORFURVVTAJCZVc?ML 3D LCQ&5J3 PC53LFT3NTCUHUE I QNPDC 177 
bovine DSLS36IVP9L PQRFTAKSr M SN L LQQS)3P5TNGLLY$IIACQ POE I QNPG(C 177 
Mouse AGTRNHPPSL ?qRF*-TrAR-5P rPADLPOPLHSLGSSELLYvNICI3MQE IQ3PG 	169 
Ret. AGThSHPPZ I PU FGR-TTAFMrnCrLAGL POMLK5LA33ELLYANTRGHOE105PGGE 170 
Chicken ES1APNL3yRLI3R5P LAR33IQSLLNLPGKZVP7N-----LSQGVOE5E - ?- 173 
Quail E3I.SA.PWi5NR3G5PI.3zIQsL LNLZQRP&KSVPIS----- LSOGVUEZE - POZi- 173 
Sparrow EWTPflPRV5I5pLVXt5$Q5LLNLpQRFG4 	LAVM-----LPIQE Pt - PGI- 173 
G nIH - R P -2 	- 
Human QSLLmCIDDAELKQEX -------------- 196 
Bovine NiRUPQNIDDZIJCQEX -------------- 196 
mouse RTRRU&PVrrDDAgpEx -------------- Lee 




Signal peptide sequence predicted by Yang et al. (1985). GenBank accession numbers: 
Human AF330057; Bovine AB040291; Mouse AF330058, Rat AF330059; Chicken 
AB 120325; Quail AB039815; White-crowned sparrow AB128164. 
1.4 Modulation of the hypothalamic-gonadotroph axis by feedback of 
gonadal hormones 
The classical method to investigate the feedback effects of gonadal hormones on 
gonadotrophin release is to measure gonadotrophin function in gonadectomised 
animals with or without gonadal hormone replacement. The loss of feedback by 
gonadal factors at the hypothalamic level, results in altered GnRH-I pulse amplitude 
and frequency (see section 1.3.3), and at the level of the anterior pituitary gland, in 
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changes in responsiveness to GnRH-I as well as direct effects on gonadotrophin 
biosynthesis and secretion (Gharid et al., 1990). In the chicken, the effects of 
gonadectomy on chGnRH-I (Sharp et al., 1994) and gonadotroph (Sharp and Gow, 
1983; Terada et al., 1997) function is in part reversible by treatment with gonadal 
steroids (e.g. oestrogen or testosterone). 
In addition to gonadal steroids, the ovary secretes protein hormone, inhibin, which 
acts as an inhibitory feedback signal to control FSH secretion. Inhibin was first 
identified in the testes (McCullagh, 1932; De Jong, 1979) and subsequently 
isolated from ovarian follicular fluid (De Jong, 1988). Ovarian-derived inhibin, has 
been demonstrated or proposed to be of importance in suppressing plasma FSH, with 
little or no effect on circulating LH, in mammals and birds by a classical endocrine 
feedback mechanism (see section 1.6). The ovary also produces two other proteins, 
activin (Ling et al., 1986; Vale et al., 1986), and follistatin (Robertson et al., 1987; 
Ueno et al., 1987), which have paracrine functions (Lin et al., 2003; Lovell et al., 
2003). Activin and follistatin also occur in the mammalian pituitary where they are 
involved in the paracrine control of FSH synthesis and release (see section 1.5). 
There is no information available on the occurrence of activin or follistatin in the 
avian anterior pituitary gland. 
Inhibins belong to the transforming growth factor 0 (TGF/3) superfamily of 
extracellular signaling molecules that are structurally conserved but functionally 
diverse. Inhibins are dimeric glycoproteins consisting of an a subunit disulphide-
linked to one of two distinct 0 subunits (OA or j3B) to generate inhibin-A or inhibin-B 
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respectively (Fig 1.8). Other members of TGFfl family, the activins, are disulphide 
linked homo- or heterodimers of OA and/or 13B subunits producing activin-A (flA-
$A) and activin-B (f3B-/3B) or activin-AB (i3A-0B)  (Fig 1.8). The TGF3 family also 
includes the bone morophogenic proteins (BMPs, Faure et al., 2005; Otuska and 
Shimaski, 2002; Onagbesan et al., 2003) and Mullerian inhibiting substance (MIS, 
Bedecarrats et al., 2003) that are also involved in the development and function of 
the reproductive axis. 
Follistatin is a single chain polypeptide with a structure unrelated to inhibin and 
activin, that is co-expressed with activin in all tissues but not necessarily in the same 
cell type (Phillips and De Krester, 1998; Kawakami et al., 2001). Follistatin is a high 
affinity activin-binding protein that when bound the biological activity of activin is 
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Figure 1.8 Molecular structure of the different isofoms of activin and inhibin. Each 
activinhinhibin subunit is derived from a separate precusor protein. Follistatin is structurally 
dissimilar to inhibins and activins and functions as a high affinity activin-binding protein. 
(From Knight and Custer, 2001). 
1.4.1 Inhibitory and stimulatory effects of gonadal steroids on the 
hypothalamic-gonadotroph axis 
The frequency and amplitude of LH pulses change during the menstrual cycle of 
women and these are correlated with plasma oestrogen concentrations (Reame et al., 
1984) indicating that oestrogen influences the LH pulse generator. Major steps in 
understanding the inhibitory effect of plasma gonadal steroids on mammalian 
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pituitary gonadotroph function began in the early 1980's when Boime and co-
workers showed that RNA isolated from castrated cattle pituitary tissue directed the 
synthesis of greater amounts of LHf3 and a-subunit synthesis than RNA from the 
pituitaries of intact cows (Keller et al., 1980; Fetherston and Boime, 1982). 
Subsequently, Counis and colleagues showed that oestrogen inhibits the translation 
of mRNAs encoding all three gonadotrophin subunits in the rat (Counis et al., 1983) 
with similar observations by others in the sheep (Alexander and Miller, 1981; 
Landefeld et al., 1983; Landefeld etal., 1984). In male rats, castration results in an 
increase in plasma LH and all three gonadotrophin subunit mRNAs (Papavasiliou, et 
al., 1986; Dalkin et al., 2001; Burger et al., 2004). Testosterone suppresses this post-
gonadectomy increase in pituitary LHI3 and common a-subunit mRNAs, but has 
stimulatory effects on FSHj3 mRNA (Paul etal., 1990). In female rats, after 
ovariectomy, plasma LH and pituitary LHj3 and common a-subunit mRNAs increase. 
Treatment of ovariectomised rats for 2 days with oestrogen prevents the increase in 
LH/3 and a-subunit mRNAs, while FSH$ mRNA unlike LHj3 or a-subunit gene 
expression is only partially suppressed (Dalkin et al., 1990). These findings suggest 
that FSHj3 subunit gene expression may be controlled by other ovarian hormones 
such as inhibin (see section 1.4), or indirectly by oestrogen through a suppression of 
mGnRH-I pulse frequency that, in turn, favours FSHfl mRNA and constitutive 
release. 
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Gonadectomy results in increased hypothalamic GnRH-I mRNA in male and 
female rats (Toranzo et al., 1989) and male chickens (Sun et al., 200 1) and long term 
treatment with oestrogen or testosterone, completely prevents the post-gonadectomy 
mGnRH-I mRNA rise. Long term exposure of ovariectomised female rats to 
oestrogen results in a decrease in the transcription factor cFos within neurones that 
co-express mGnRH-I indicating a decrease in mGnRH-I neuronal activity (Tsai and 
Legan, 2002). In vitro studies show that oestrogen reduces mGnRH-I promoter 
activity and provides evidence that oestrogen suppresses mGnRH-I at the 
transcriptional level (Wierman etal., 1992; Roy etal., 1999). 
Other studies, in the rat, show that the pituitary is also a site of the inhibitory action 
of oestrogen on gonadotrophin secretion. For example, the rat pituitary gland grafted 
to the kidney capsule responds to mGRH-I treatment by secreting substantial 
amounts of LH, but in the presence of oestrogen, this mGnRH-I-stimulated LH 
secretion is attenuated (Strobl and Levine, 1989). Further, LH pulses induced in 
ovariectomized rhesus monkeys bearing hypothalamic lesions with intermittent 
mGnRH-I infusion, are abolished after oestrogen administration (Plant et al., 1978). 
In vitro, in the rat, oestrogen decreases pituitary gland LH responsiveness to 
mGnRH-I (Frawley and Neill, 1984; Miller and Wu, 1981), while, in sheep, 
oestrogen suppresses FSHI3 (Alexander and Miller, 1981; Alexander and Miller, 
1982) and cr-subunit (Hall and Miller, 1986) mRNAs. Therefore, it is concluded that 
oestrogen exerts inhibitory effects on LH release at both hypothalamic and pituitary 
levels. At the hypothalamic level, the inhibitory effects of oestrogeon result in 
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reduced mGnRH-I pulse frequency and/or amplitude. At the pituitary level, 
oestrogen may finely tune this effect by altering the response of pituitary gland to 
mGnRH-I by decreasing GnRH receptor numbers on the surface of the 
gonadotrophs. In support of this view, oestrogen treatment of gonadectomised 
female rats decreases pituitary GnRH receptor niRNA (Kasier et al., 1993). 
In the chicken, castration induces an increase in hypothalamic chGnRH-I mRNA 
(Sun et al., 2001) and this is associated with an increase in chGnRH-I peptide 
(Knight et al., 1983; Sharp, 1990; Wilson et al., 1990b) and chGnRH receptor (Sun 
et al., 2001) in the anterior pituitary gland. Castration also increases the number of 
visible chGnRH-I neurones observed using immunocytochemistry (Sharp et al., 
1994) and increases both basal and K+ stimulated release of chGnRH-I from 
perifused hypothalami (Lal et al., 1990). Further, long term treatment of cultured 
male quail hypothalami with oestrogen decreases baseline GnRH-I release (Li et al., 
1994) which is likely to be functionally significant as testosterone is converted to 
oestrogen by aromatisation within the hypothalamus (Wilson et al., 1983). In 
support of this view, testosterone has been shown to specifically stimulate 
hypothalamic aromatase in the quail (Schumacher and Hutchison, 1986). The 
increase in hypothalamic chGnRH-I mRNA, chGnRH receptor mRNA, chGnRH-I 
peptide content and chGnRH-I cell numbers in the cockerel induced by castration is 
reversed after oestrogen treatment (Sun etal., 2001; Sharp etal., 1994). The 
increase in chGnRH-I neuronal function after castration is associated with an 
increase in LH secretion in the cockerel (Knight et al., 1983; Lal et al., 1990; Wilson 
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et al., 1990a) and increased plasma FSH in Great Tits (Parus major) (Silverin et al., 
1999). 
In the laying - hen administration of the oestrogen synthesis blocker, tamoxifen 
increases hypothalamic chGnRH-I peptide consistent with a suppressive effect of 
oestrogen on chGnRFI-I neuronal function (Wilson et al., 1990b). Oestrogen 
depresses both FSH pituitary content and plasma FSH in intact hens and this effect 
does not appear to be secondarily to a depression in chGnRH-I release since 
chGnRH-I does not directly stimulate FSH secretion in the hen (Krishnan et al., 
1998; Dunn etal., 2003; see section 1.3.2). This suggests that oestrogen directly 
suppresses FSH biosynthesis at the level of the pituitary. Ovariectomy increases 
circulating LH concentrations and mRNAs encoding LHj3 and a subunits in the 
pituitary gland of chickens (Terada etal., 1997) and turkeys (Petrowski etal., 1993). 
The ovariectomy-induced increase in plasma LH and pituitary LHI3 and a subunit 
mRNAs in the chicken is prevented by oestrogen treatment (Terada et al., 1997) 
although it is unclear whether the inhibitory effect of oestrogen is mediated at the 
levels of the hypothalamus or pituitary gland. 
The inhibitory effects of oestrogen on the chGnRH-I neurone or gonadotroph in 
laying hens (Cockrem and Rounce, 1994) may account for the sex differences in both 
plasma FSH (Krishnan et al., 1993) and LH (Sharp etal., 1987), which are lower in 
laying hens than in adult cockerels. The LH response to chGnRH-I in vivo is lower 
in laying hens than in adult cockerels which is thought to reflect the greater 
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inhibitory effect of oestrogen in the hen, since plasma oestrogen is much higher in 
the hen than in the cockerel (Sharp et al., 1987). This view is strengthened by the 
finding that juvenile chickens of both sexes, which have low circulating oestrogen, 
show similar sensitivity and responsiveness to chGnRH-I (Wilson et al., 1989; Sharp 
et al., 1987). Additionally, pituitary responsiveness to chGnRH-I decreases in 
female chickens (Knight et al., 1985) but not in male chickens during sexual 
maturation (Wilson et al., 1989; Sharp etal., 1987), correlating with increased 
oestrogen secretion in the female but not the male. Oestrogen may also exert an 
inhibitory effect on chGnRH-I release as treatment of intact cockerels with oestrogen 
increases chGnRH-I in the basal hypothalamus which might indicate an inhibition of 
chGnRH-I release (Wilson et al., 1990). Further, chGnRH-I peptide is higher in 
laying hens (high oestrogen) than in adult cockerels (low oestrogen) (Liu, 1993) 
again indicating a reduced release of chGnRH-I in the hen. 
There is also evidence that oestrogen acts at the level of the anterior pituitary gland 
in birds to reduce gonadotrophin synthesis and release. Observations in vitro using 
cultured chicken pituitary cells show that chGnRH-I stimulated LH release is 
attenuated by oestrogen (King et al., 1989). Further, anterior pituitary glands from 
laying hens contain 10 times less LH than adult cockerels (Liu, 1993). In addition, 
K+ induced release of pituitary LH in vitro is lower in laying hens than in adult 
cockerels (Liu, 1993). In contrast, there is no sex difference in pituitary content or 
K+ induced in vitro release of LH in juvenile male and female chickens (Liu, 1993). 
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In addition to their inhibitory effects on tonic gonadotrophin biosynthesis and 
secretion, gonadal steroids are also involved in generating the pre-ovulatory LH 
surge in females in both mammals and birds. When rat pituitary fragments are 
exposed to oestrogen in short term culture (2 or 6 hours), no effects are seen on a or 
FSH3 mRNAs while LHj3 mRNA increases (Shupnik et al., 1986), highlighting a 
mechanism that might facilitate the preovulatory LH release. In female sheep 
oestrogen exerts a positive feedback effect at the hypothalamic level that culminates 
in mGnRH-I release and a preovulatory surge in LH (Karsch et al., 1997; Clarke, 
1987) and increases pituitary GnRH receptor niRNA and protein (Brooks and 
McNeilly, 1994; Turzillo et al., 1998). In the female rat, the preovulatory LH surge 
also seems to be triggered by the positive feedback action of oestrogen (Ferin et al., 
1969) acting on the mGnRH-I neurone and is enhanced by progesterone which 
increases the amplitude of the LH surge (Freeman et al., 1967). In the chicken, in 
contrast, progesterone rather than oestrogen, elicits the preovulatory LII surge, 
although oestrogen primes the hypothalamic-gonadotroph axis to make it responsive 
to the stimulatory effects of progesterone on LH secretion (Wilson and Sharp, 1976). 
It appears that chGnRH-I also mediates the increase LH release during a 
preovulatory surge in the hen since increase in plasma LH which is induced in a 
laying hen after an injection of progesterone is associated with a decrease in 
hypothalamic GnRH-I peptide content indicating substantial chGnRH-I release 
(Wilson et al., 1990b). 
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1.5 Intra-pituitary control of gonadotrophin gene expression and 
release 
In mammals, gonadotroph function is also regulated by autocrine factors produced 
by gonadotrophs themselves, and by paracrine factors from surrounding pituitary 
cells. Such factors include pituitary adenylate cyclase-activating polypeptide 
(PACAJ), adenosine triphosphate (ATP), nitric oxide (NO) as well as activin and 
follistatin (Winters and Moore, 2004). While some studies have sought to identify a 
unique hypothalamic FSH releasing factor to explain instances in which FSH and LH 
secretion diverge (Dhariwal et al., 1965; Yu etal., 1997; Koppan et al., 1998) there 
is evidence that FSH secretion is selectively regulated by autocrine/paracrine 
interactions in the pituitary. The best known of these are an interaction between 
activin and follistatin which respectively increase and decrease constitutive FSH 
release (Burger et al., 2002; Besecke et al., 1996). Activin stimulates FSH release by 
increasing FSHj3 mRNA stability (Carrol et al., 1991; Attardi and Winters, 1993) and 
rate of FSHj3 gene transcription (Huang etal., 2001) through activin receptor 
subtypes present in the pituitary (Dalkin et al., 1996). The importance of activin in 
controlling FSH release is demonstrated by depriving pituitary gonadotrophs of 
exposure to pulsatile GnRH-I (Koppan et al., 1998; Farnworth etal., 1995; Kartun 
and Schwartz, 1987; Culler and Negro-Vilar, 1986; Sheridan etal., 1979; Hattori et 
al., 1986). Under these circumstances for a short time, in both mammals and birds, 
the gonadotrophs do not secrete much LH, but continue to secrete substantial 
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amounts of FSH. Additionally, activin treatment is essential for the expression of 
FSH,6 mRNA in the L3T2 gonadotroph cell line (Alarid et al., 1996; Nicol et al., 
2004; Graham et al., 1999). 
Follistatin and inhibin/activin a and 3 subunit niRNAs are present in the anterior 
pituitary gland of sheep (Baratta et al., 2001), cow (Gospodarowicz and Lau, 1989), 
rat (Besecke et al., 1996; Meunier et al., 1988) and monkey (Kawakami et al., 2002). 
Anterior pituitary cell preparations from rats secrete both activin A and activin B 
(Bilezikjian et al., 1993a) as well as follistatin (Bilezikjian et al., 1993b). 
Immunoreactive inhibin a-subunit also occur in gonadotroph secretory granules 
(Roberts et al., 1992), which raises the possibility that inhibin is present in 
gonadotrophs. However, inhibin a-subunit within these secretory vesicles are 
monomeric and in precursor or partly processed forms. There is therefore doubt 
whether the mammalian pituitary synthesises biologically active inhibin (Farnworth, 
1995). It is therefore concluded that gonads are the principal source of inhibin which 
regulates FSH release at the level of the pituitary gland (Welt et al., 2002). 
While inhibin is readily measurable in peripheral circulation (Welt et al., 2002) 
there is very little free circulating follistatin or free activins in different physiological 
states in mammals (Padmanabhan and Sharma, 2001). Immunoneutralisation of 
activin B produced by cultured rat pituitary cells demonstrates that locally secreted 
activin B provides a positive signal that drives FSH secretion by an intrapituitary 
mechanism (Corrigan etal., 1991). Addition of inhibin to rat pituitary cell cultures 
to block activin receptors (see section 1.6) or addition of follistatin to bind activin 
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reduces FSHI3 mRNA and FSH secretion. This demonstrates that inhibin and 
follistatin suppress FSH release by inhibiting activin signaling (Ying et al., 1988). 
Furthermore, activin stimulated FSH release can be enhanced by treating rat pituitary 
cultures with a follistatin-specific antibody, providing evidence that follistatin plays a 
significant intra-pituitary role in inhibiting FSH secretion (Bilezikjian et al., 1993b). 
Experimental work in the rat focusing on the role of intra-pituitary regulation of 
FSH production indicate that mGnRH-I and gonadal hormones exert their effects on 
FSH production, at least in part, by modulating pituitary follistatin and activin ! 3B 
subunit expression and thus altering the local availability and ratio of activin B and 
follistatin (Burger et al., 2004). After gonadectomy pituitary follistatin, activin 13a 
and activin receptor type-IT mRNAs (see section 1.6) increase in parallel with FSHj3 
mRNA (Burger et al., 2004) and different patterns of mGnRH-I pulse frequency 
produce different effects on activin 13B and follistatin mRNAs (Kirk et al., 1994; 
Besecke et al., 1996; Burger et al., 2002). In the rat, continuous exposure to 
mGnRH-I (Bauer-Dantoin et al., 1996) or exposure to high mGnRH-I pulse 
frequency (Besecke et al., 1996) increases follistatin mRNA while exposure to low 
mGnRH-I pulse frequency increases activin 13B  mRNA (Fig 1.10). These 
observations suggest that FSH release is preferentially induced by exposure of the 
pituitary gland to low mGnRH-I pulse frequency. 
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Figure 1.10 The proposed intra-pituitary control of constitutive FSH release. a. Exposure to 
a low GnRH pulse frequency preferentially causes pituitary activin release which stimulates 
constitutive FSH release b. Exposure to a high GnRH pulse frequency stimulates pituitary 
follistatin release which binds and bioneutralises pituitary activin which causes a reduction in 
constitutive FSH release (Adapted from Besecke et al. 1996). 
In contrast, gonadectomy in the monkey does not stimulate pituitary follistatin 
mRNA (Kawakami et al., 2002) and mGnRH-I does not stimulate follistatin mRNA 
in cultured monkey pituitary cells (Winters and Moore, 2004). This suggests that 
there are species differences in the role of follistatin and activin in the control of FSH 
secretion in mammals. The role activin and follistatin might play in controlling 
intra-pituitary FSH secretion in poultry is unknown. 
1.6 Effects of inhibin on FSH secretion 
The finding that oestrogen treatment of gonadectomised rats inhibits FSH/3 mRNA 
substantially less than LHI3 or a-subunit mRNAs suggests that a non-steroidal 
gonadal hormone regulates FSHj3 mRNA and subsequent constitutive FSH release 
(Dalkin et al., 1990). Administration of inhibin A to adult rats suppresses FSH3 
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mRNA and FSH secretion but not LH3 and a-subunit niRNAs (Carroll etal., 1991a). 
Furthermore, inhibin A injection inhibits the increase of FSH after gonadectomy in 
male and female rats (Carroll et al., 1991a). Inhibin-based antigens have been used 
to immunoneutralise endogenous inhibin in cattle (Scanlon et al., 1993; Martin et al., 
1991) sheep (Wrathall et al., 1990) pigs (King et al., 1990), rats (Rivier and Vale, 
1989; Rivier et al., 1986), quail (Moreau et al., 1998), turkey (Aim etal., 2001) and 
broiler hens (Lovell etal., 2001; Satterlee etal., 2002). In general, these studies 
show that immunisation against inhibin enhances ovarian follicular development or 
ovulation rate, but this is not always associated with an increase in plasma FSH. 
Although there is circumstantial evidence in the chicken that inhibin controls FSH 
secretion in vivo (Lovell et al., 2000), there is no increase in plasma FSH in broiler 
hens (Lovell et al., 2001) or turkey hens (Aim et al., 2001) after inhibin 
immunisation, although inhibin immunisation does increase FSHj3 but not LHI3 
subunit mRNAs in the turkey pituitary gland (Ahn et al., 2002). 
The relationship between follicular growth, plasma inhibin and FSH has been 
investigated in domestic fowl. Both Vanmontfort et al. (1992) and Lovell et al. 
(2000) showed that levels of plasma inhibin fall and plasma FSH increase coincident 
with ovarian regression. The granulosa layer of the largest hierarchical follicles (F! 
to F4) contains the most inhibin A protein (Lovell et al., 2001) and surgical removal 
of the hierarchical follicles (Fl to F4) is associated with a reduction in plasma 
inhibin (Johnson et al., 1993a). 
Chapter 1 	 Introduction 
The cellular mechanism by which inhibin suppresses pituitary FSH release remains 
unclear but probably involves antagonism of activin signaling (see section 1.5) in 
mammals (Phillips and Wooruff, 2004), and this may also be the case in birds 
(Sweeney and Johnson, 2005). Although conclusive evidence for the existence of a 
cognate inhibin-specific signaling receptor has not emerged (Phillips and Wooruff, 
2004) other ligands of the TGF$ family, such as activin, bind to, and form hetero-
oligomeric complexes with two types of cell surface receptors, designated type-I and 
type-TI. Several type-I and type-TI activin receptors have been cloned and 
characterised in mammals (Abe et al., 2004) and three activin receptor-subtypes have 
been reported in birds (Lai et al., 2000; Nohno et al., 1993). The association of 
activin with type-I receptor requires the presence of type-TI receptors and both 
receptor types are required to mediate ligand signaling (Abe et al., 2004). Inhibin 
also binds to activin type-IT receptors, although with an affinity —20 times lower than 
activin (Zimmerman and Mathews, 1996). The binding of inhibin to type-II 
receptors prevents the recruitment of type-I receptors to the complex, and appears to 
be the mechanism through which inhibin antagonises the biological actions of activin 
(Gray et al., 2002; Phillips and Wooruff, 2004). Tnhibin binds to betaglycans, also 
known as type-Ill TGF3 receptor (Lewis et al., 2000), which enhances inhibin 
binding to activin type-IT receptors and so renders inhibin a more effective activin 
antagonist. Tnhibin A has been shown to bind betaglycan with high affinity and, in 
the presence of an activin type IT receptor (ActRil), forms a highly stable complex 
(Lewis et al., 2000). In the chicken, betaglycan mRNA and protein are abundantly 
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expressed within the anterior pituitary (Sweeney and Johnson, 2005). Moreover, 
betaglycan protein colocalises to FSH-expressing pituitary gonadotrophs with a 
greater abundance than in other pituitary cell types (Sweeney and Johnson, 2005). 
The avian pituitary gland therefore has receptors required for inhibin to suppress 
FSH release by potentially antagonising activin signalling. However, it has not been 
established whether activin occurs in the avian pituitary gland. 
1.7 Reproductive senescence in mammals and birds 
Reproductive ageing in female mammals and birds is characterised by reduced 
numbers of ovarian follicles and fertility in rats (Anzalone etal., 2001), mice 
(Gosden et al., 1983) and chickens (Sharp et al., 1992). The onset of reproductive 
senescence is characterised by increased incidence of attenuated and delayed 
preovulatory LH surges (Wise, 1984; Wise, 1982; Cooper et al., 1980) and increased 
plasma FSH in sheep (De Souza et al., 1998), rats (Meredith and Butcher, 1985) and 
women (Klein et al., 1996). This age-related rise in plasma FSH is associated with a 
reduction in plasma inhibin in sheep (De Souza et al., 1998) and rats (De Paolo, 
1987). 
Diminished preovulatory LH surges in aging rodents are associated with an 
attenuation of pituitary LHO subunit gene expression and reduced LH protein 
synthesis (Krieg et al., 1995). Attenuated LH preovulatory surges in ageing rats are 
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also caused in part, by reduced gonadotroph sensitivity to mGnRH-I associated with 
decreased GnRH receptor mRNA (Rubin and Jimenez-Linan, 1999) and mGnRH-I 
binding capacity (Marchetti and Cioni, 1988). Ageing female rats also have longer 
intervals between LH pulses and decreased LH pulse amplitude relative to young rats 
(Scarbrough and Wise, 1990), which may be due to decreased mGnRH-I pulse 
frequency with advancing age (see section 1.3.3). 
Other observations in rats, also points to a decline in mGnRH-I neuronal function 
in old age. For example, mGnRH-I peptide content in the mid-hypothalamic area is 
higher in old than in young rats (Takahashi et al., 1990; Rubin et al, 1985) while 
secreted mGnRH-I is lower in old compared to young rats (Rubin and Bridges, 
1989). These data point to an age-related accumulation of mGnRH-I peptide which 
may be a consequence of impaired in release. 
A similar mechanism might account for the reduced persistency of egg laying in 
ageing hens. A reduction in pituitary and plasma LH is related to a decline in 
ovarian function in old laying broiler breeders (Sharp et al., 1992) and turkeys 
(Guemene and Williams, 1999) and, although, this does not appear to be associated 
with reduced hypothalamic chGnRH-I peptide (Sharp et al., 1992), it may be due to a 
reduction in chGnRH-I release, reflecting a decrease in chGnRH-I pulse frequency or 
amplitude. 
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In addition to a reduction in chGnRH-I release during ageing, an increase in GnIH 
synthesis (see section 1.3.4) may also contribute to the age-related reduction in egg 
production in the broiler breeder hen. To date, this possibility has not been 
investigated. 
1.8 Effects of nutrition on reproduction in mammals and birds 
Broiler breeders are fed a restricted diet to maximise egg production (see section 
1.1.3), but the neuroendocrine mechanisms affected are not understood. The link 
between food intake and reproductive function are well established in mammals (e.g. 
Hoffer etal., 1986, Campbell etal., 1977) and birds (Tanabe etal., 1981, 
Vanmontfort et al., 1994) where periods of under nutrition result in low circulating 
concentrations of LH and gonadal steroids. Re-feeding of food-restricted rats 
restores circulating levels of LH while FSH levels tend to be less sensitive to changes 
in nutritional status (Nakanishi, 1976, Rowland, 1975). The inhibitory effects of 
reduced food intake on gonadotrophin secretion is associated with decreased 
hypothalamic GnRH-I release (rats: Berghandal etal., 199 1) rather than to decreased 
responsiveness of anterior pituitary gland to GnRH-I (rats: Foster et al., 1989; 
chicken: Bruggerman et al., 1998). This view is supported by the observation in 
mammals that starvation-induced impairment of gonadotrophin and sex steroid 
secretion is reversed by pulsatile administration of mGnRH-I (Bergendahi, 1991). 
Further, food restricted broiler breeder hens (Bruggerman et al., 1998) and fasted 






administration of GnRH-I. Taken together these findings provide evidence that the 
pituitary LH response to GnRH-I administration during a period of reduced food 
intake is increased. The underlying mechanism responsible for the reduction in 
GnRH-I secretion in fasted animals could be the result of decreased GnRH-I gene 
expression or GnRH-I mRNA stability or a reduction in stimulatory inputs or 
increase in inhibitory inputs to GnRH-I terminals in the median eminence to reduce 
GnR}1-I release. Alternatively, at least in birds, GnIH neuronal function (see section 
1.3.4) may be stimulated during periods of reduced food intake which would also 
account for reduced plasma LH. 
Hypothalamic mGnRH-I mRNA (McShane et al., 1993) and peptide content 
(I'Anson et al., 2000) are not affected by food restriction in sheep, indicating an 
inhibition of mGnRH-I release rather than biosynthesis. On the other hand, in the 
rat, numbers of visible mGnRH-I niRNA-positive neurones are reduced in the 
preoptic area (POA) after 60 hours food restriction (Gruenewald and Matsumoto, 
1993), while there is a reduction in mGnRH-I primary transcripts in the POA if 
oestrous cycles are disrupted as a consequence of 48 hour food deprivtion (Nappi and 
Rivest, 1997). In chronically food restricted broiler hens chGnRH-I peptide stored 
within the median eminence is decreased (Bruggerman et al., 1998) and, in 
chronically food-restricted cockerels, in vitro baseline and K+ induced release of 
hypothalamic chGnRH-I is reduced (Lal et al., 1990). This suggests that in chickens 
food-restriction reduces chGnRH-I release. In contrast, basal mGnRH-I secretion 
from median eminence of acutely fasted rats was not reduced while stimulation with 
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K+ resulted in a higher release of mGnRH-I than in the control group (Warnhoffet 
al., 1983). The mechanisms underlying the alterations of GnRH-I release and 
biosynthesis by fasting or food restriction are therefore unclear. It could involve 
either, or both, an inhibitory effect at the level of the GnRH-I terminal or at the level 
of the GnRH-I cell to reduce GnRH-I mRNA production or stability. 
The view that metabolic signals generated by changes in food intake may directly 
affect hypothalamic GnRH-I mRNA is supported by the observation that mGnRH-I 
mRNA increases in cultures of mouse hypothalamic neuronal cells after incubation 
with insulin and leptin, which are key hormones involved in metabolic signaling 
(Burcelin et al., 2002). Another candidate providing a link between metabolic 
signals and the reproductive system is the neurotransmitter neuropeptide Y (NPY). 
The release of NPY secretion increases in response to food restriction in both 
mammals (Kalra et al., 1991) and birds (Boswell et al., 1999) and could therefore 
decrease in response to increased food intake. Changes in GnRH-I mRNA and LH 
secretion associated with a change in food intake may be mediated by NPY neurones 
(McShane et al., 1993). In support of this view, NPY peptide has been implicated in 
the control of pre-ovulatory release of LH (Contijoch et al., 1993) and of the onset of 
puberty in the chicken (Kuenzel and Fraley, 1995). RFamides have also been 
implicated in the control of feeding behaviour (Dockray, 2004), this points to the 
possibility of an involvement of GnIH as a mediator between food intake and 
reproductive function. 
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1.9 Effects of incubation on reproductive function in birds 
The survival of a species depends on the ability of parents to produce viable young 
and consequently, the quality of parental care has been selected for and maintained 
by natural selection (Rosenblatt, 2003). Incubation behaviour in poultry is associated 
with strong inhibition of the reproductive axis resulting in the cessation of egg 
production (Sharp et al., 1998). In the chicken the onset of incubation behaviour is 
characterised by an increasing attachment to a nest site and a growing clutch of eggs 
(Sharp et al., 1998). Incubation can be terminated, and a return to egg laying can be 
initiated, by nest deprivation (Richard-Yris etal., 1998; Dunn etal., 1996). 
Hypothalamic chGnRH-I peptide in chickens (Burke et al., 1990) and turkeys (El 
Halawani et al., 1993; Rozenboim et al., 1993) has been reported to decrease during 
incubation, although other studies fail to demonstrate this (Dunn et al., 1996; Millam 
et al., 1989). Hypothalamic chGnRH-I mRNA is very low during incubation and 
rapidly increases when incubation behaviour is terminated by nest deprivation (Dunn 
et al., 1996). This provides strong evidence that chGnRH-I neurones are inhibited in 
incubating hens. 
The consequence of reduced GnRH-I neuronal activity on gonadotrophin function 
in incubating turkey hens is reflected in a reduction in plasma LH and LHI3 subunit 
niRNA (Wong et al., 1992). However, there is a robust LH response to chGnRH-I 
injection in incubating hens (Sharp and Lea, 198 1) and turkeys (Guemene and 
Williams, 1999), which supports the hypothesis that chGnRH-I secretion is reduced 
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in incubating hens. However, it is relevant to note that incubation behaviour is 
characterised by hyperprolactinemia, and that nest deprivation causes plasma 
prolactin to decrease (Ramesh et al., 2001) while plasma LH and oestrogen increases 
(Richard-Yris et al., 1998). It is therefore possible in incubating birds, that high 
plasma prolactin inhibits reproductive function at all levels of the }IPG axis. In 
support of this view, in the turkey, systemic administration of ovine prolactin 
decreases hypothalamic chGnRH-I and GnRH—II peptide and plasma LH 
(Rozenboim et al., 1993), while incubation of anterior pituitary cells with prolactin 
inhibits in vitro LHfl subunit gene expression and blocks the observed in vivo GnRH-
I stimulated rise in LHj3 subunit mRNA and secreted LH (You et al., 1995). There is 
also evidence in the turkey that prolactin inhibits the steroidogenic activity of LH in 
the ovary (Camper and Burke, 1977), although there is doubt whether this is 
physiologically relevant (Porter et al., 1991). 
It is also possible that the decrease in plasma LH in incubating hens is also due, in 
part, to an increase in the activity of the GnIH neuronal system (see section 1.3.4). 
This possibility has not been investigated. 
1.10 Avian reproductive photoperiodism 
Natural selection favours genotypes whose young are reared at the most favourable 
time of year for survival. In temperate and high latitudes the most common time to 
breed is during spring when daylength increases immediately before an increase in 
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food resources required to feed young. The ancestral progenitor of the chicken, the 
red junglefowl, is photoperiodic and in spite of thousands of years of domestication 
the commercial chicken reproductive system remains responsive to changes in 
daylength (Sharp, 1993). 
Egg laying in domestic hens is stimulated by increasing daylengths and inhibited 
by decreasing daylength. Early photoperiodic studies on commercial hens 
(reviewed: Sharp etal., 1983; 1993), designed to discover the optimal lighting 
pattern for around the year egg production led to the discovery that prolonged 
exposure of adult or juvenile birds to long days reduces reproductive function 
through a phenomenon that has been termed photorefractoriness (Nicholls et al., 
1988). 
The onset of sexual maturity and the production of a first egg in domestic chickens 
reared on short days occurs around 26 weeks of age and is advanced by 
photostimulation at around 17-18 weeks of age. Direct evidence for the early 
maturation of a stimulatory photoperiodic response comes from a study in which 
hens were reared from hatch on 8 h light/day and transferred to 20h light/day at 3, 7, 
11, 15 and 19 weeks of age (Dunn and Sharp, 1990). A photoinduced release of LH 
was observed at all these ages although this was not reflected in an accelerated rate 
of ovarian growth until the birds were more than 7 weeks of age. Plasma FSH 
concentration increases in response to photostimulation by 8 weeks but not before 5 
weeks of age and is therefore a better predictor of gonadal development than LH 
(Lewis et al., 1999). From 15 weeks of age, the increase in plasma LH in 
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response to photostimulation is reduced probably because of the inhibitory feedback 
actions of oestrogen and other steroids from the maturing ovary (Dunn and Sharp, 
1990; see section 1.4). 
The stimulatory effect of long day lengths is associated with increased 
hypothalamic chGnRH-I content and increased chGnRH-I immunoreactivity in the 
hypothalamus and median eminence in all avian species studied: European starling 
(Foster et al., 1987; Goldsmith et al., 1989; Dawson etal., 1984), Garden warbler 
(Bluhm etal., 1991), dark-eyed junco (Saldanha etal., 1994), house sparrow (Hahn 
and Ball, 1995) and Japanese quail (Foster etal., 1988; Perera and Follett, 1992). In 
the domestic chicken photostimulation is associated with increased hypothalamic 
chGnRH-I mRNA (Dunn and Sharp, 1999). 
The response of chGnRH-I neurones to photo stimulation is developmentally 
regulated, as hypothalamic GnRH-I mRNA content increases after photostimulation 
in peripubertal and somatically mature chickens, but not in juvenile cockerels before 
8 weeks of age (Dunn and Sharp, 1999). However, if juvenile cockerels are treated 
with oestrogen, hypothalamic GnRH-I mRNA content increases after 
photostimulation (Dunn and Sharp, 1999). It seems that oestrogen initially 
stimulates the maturation and response of the reproductive neuro endocrine system to 
photostimulation in juveniles, but after puberty the action of sex steroids shifts to an 
overall inhibitory effect. In support of this view, treatment with oestrogen increases 
plasma LH and FSH in photostimulated juvenile but not adult hens (Dunn et al., 
2003). 
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Measurements of hypothalamic chGnRH-I mRNA in pen-pubertal cockerels and 
adult hens, indicates that chGnRH-I neuronal activity is increased within a week of 
an increase in photoperiod from 8 to 14 or 16 hours of light (Gladwell etal., 1996; 
Dunn etal., 1996; Dunn etal., 1997). The increase in chGnRH-I mRNA is 
associated with an increase in LH secretion demonstrating that the photoperiodic 
control of LH release is mediated by a change in chGnRH-I gene expression or 
chGnRH-I mRNA stability. 
The stimulatory effect of increased photoperiod on reproduction is eventually 
attenuated or terminated by development of absolute or relative photorefractoriness 
(see below). In Galliforms such as the domestic chicken and Japanese quail the 
gonads remain mature indefinitely under constant long day lengths, but regress if the 
photoperiod drops to a photoperiod which is longer than that required to stimulate 
gonadal growth in a fully photosensitive short day bird. As a consequence in 
chickens or quail exposed to natural lighting, the annual cycle of gonadal activity is 
asymmetrical with respect to the seasonal changes in day length with gonadal 
regression occurring in the autumn when daylength are still longer than that which 
stimulated gonadal activity in the spring (Sharp, 1984, 1993). To explain this 
phenomenon Robinson and Follett (1982) suggested that quail become "relatively" 
photorefractory and the same mechanism has been proposed for the chicken (Sharp 
et al., 1992; Lewis etal., 2003). These investigators proposed a mechanism whereby 
the critical photoperiod required to maintain full gonadal function increases with 
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time of exposure to long photoperiods. A reduction in gonadal function in chickens 
that are suggested to be relatively photorefractory is not associated with a reduction 
in hypothalamic chGnRH-I peptide content (Sharp et al., 1992). Therefore, it is 
likely that the development of relative photorefractoriness in quail and chickens 
involves a mechanism that inhibits GnRH-I release rather than GnRH-I biosynthesis. 
The development of photorefractoriness is more pronounced in passerine species 
such as the European starling (Sturnus vulgaris) in that they become "absolutely" 
refractory to stimulation by light. In the starling, and in contrast to quail and 
chickens, photorefractoriness is characterised by a decrease in concentration of 
chGnRH-I peptide in the hypothalamus and a decrease in the number and size of 
chGnRH-I immunoreactive cell bodies, and chGnRH-I neurone immunoreactive 
terminals in the median eminence disappear (Goldsmith et al., 1989). 
1.11 Aims of Thesis 
The overall aim of this Thesis was to gain further understanding of the control of 
reproduction in domestic poultry with particular reference to the age-related decline 
in ovarian function in broiler breeder hens. The studies presented in this Thesis 
focus on measuring reproductive neuroendocrine mRNAs and LH and FSH secretion 
in relation to ovarian function in chicken and quail. After profiling changes in 
reproductive neuroendocrine mRNAs and LH and FSH in ageing broiler breeders, 
experiments were conducted in vivo to change ovarian function in laying hens 
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supplemented with in vitro observations, in order to further understand 
neuroendocrine mechanisms responsible for age-related loss of persistency of lay. 
Observations were made on changes in reproductive neuroendocrine gene expression 
associated with reduced ovarian function in incubating hens, in food restricted broiler 
breeder hens, and in quail after transfer from long to short days. Reproductive 
neuroendocrine mechanisms which may be responsible for an age—related loss of 
persistency of lay is hypothesised to involve chGnRH-I and GnRH-II neural systems 
and gonadotrophin subunits, and additionally the less well investigated GnIH 
neuronal system, and intra-pituitary activin and follistatin. 
The specific aims of this Thesis were: 
1. To characterise changes in the HPG axis of ageing broiler breeder hens with 
reduced egg production including the relationship between plasma LH, FSH and 
hypothalamic chGnRH-I and GnIIT mRNAs and pituitary gonadotrophin subunit and 
follistatin and activin IB mRNAs. It is hypothesised that a decrease in chGnRH-I 
neuronal function and an increase in GnIH neuronal function is responsible for the 
age-related loss of reproduction in broiler breeder hens. The expression of follistatin 
and activin fiB mRNAs in the pituitary is predicated to be altered as a consequence of 
diminished hypothalamic chGnRH-I release and reduced gonadal hormones during 
reproductive ageing and results in decreased plasma FSH. This research is presented 
in chapter 3. 
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To test the hypothesis that, the food-restricted laying broiler breeder hen, ad 
libitum feeding stimulates ovarian development by increasing chGnRH-I gene 
transcription or chGnRH-I mRNA stability. The possible increase in chGnR}{-I 
neuronal activity could be mediated by altering hypothalamic NPY gene expression, 
resulting in altered pituitary gonadotrophin subunit, activin 13a and follistatin mRNAs 
and gonadotrophin secretion. In addition, it was hypothesised that a decrease in 
GnIH mRNA is associated with increased ovarian growth after ad libitum feeding. 
This research is presented in chapter 4. 
To determine the effects of ovarian regression induced by the development of 
incubation behaviour (Chapter 5) and transfer from long to short days (Chapter 6) on 
gonadotrophin subunit mRNAs and LH and FSH release. It is hypothesised that 
expression of incubation behaviour depresses both FSR and LH secretion by 
inhibiting chGnRH-I gene transcription or chGnRH-I mRNA stability, which, in 
turn, inhibits gonadotrophin subunit mRNAs. Additionally it is hypothesised that 
GnIH mRNA increases in incubating hens to result in an additional suppression of 
plasma gonadotrophins. It is hypothesised that inhibition of ovarian function by 
reducing daylength results in decreased plasma LH associated with decreased 
gonadotrophin subunit mRNAs. 
To determine in vitro the effects of pulsatile chGnRH-I, GnRH-II and GnIH on 
pituitary gonadotrophin function. It was hypothesised that chGnRH-I and II would 
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stimulate gonadotrophin gene expression while GnJH would inhibit it. Further, it 
was hypothesised that pulsatile chGnRH-I is required to regulate follistatin and 
activin fiB mRNAs which in turn would regulate FSH3 rnRNA. This research is 




CHAPTER 2. Materials and Methods 
2.1 Animals 
Broiler breeder hens (Cobb Vantress) were either obtained from a commercial 
pedigree flock (chapter 3) or purchased at one day old (chapter 4 and 8) from a local 
hatchery (Whitburn hatchery, Grampian Country Foods, Whitburn, Scotland). White 
Leghorn and Silkie hybrid hens (chapter 5), adult Japanese quail, Coturnixjaponica 
(chapters 6) were taken from the Roslin Institute's breeding flocks. Pituitary glands 
for studies in vitro (chapters 7) were from adult ISA Brown cockerels (ISA Poultry 
Services Ltd, Peterborough, UK) or broiler breeder hens (Cobb Vantress) purchased 
at one day old. 
Figure 2.1. Broiler breeder hens reared at the Roslin Institute 
2.1.1 Husbandry and welfare 
All experimental procedures were carried out under United Kingdom Home Office 
Project Licence number PPL 60/3178 and Personal Licence number SCT-E/03/2 11. 
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Broiler breeder hens from the commercial breeding flock were killed on site and 
biological samples were processed in the laboratory. All birds obtained from Roslin 
Institute were held on a 1 8L:6D lighting pattern with free access to food and water. 
Birds were housed in individual cages apart from broiler breeder and incubating 
hybrid hens. Broiler breeder hens purchased from the local hatchery were reared in 
floor pens at the Roslin Institute (Fig. 2.1). Chicks were fed a commercial restricted 
feeding programme from 2 weeks old as recommended by Cobb Vantress (Cobb 
management guide 2001) to maximize egg laying and to prevent obesity. Water was 
freely available during rearing and throughout the experimental period. White 
Leghorn and Silkie hybrid birds were housed in floor pens. Incubation was 
encouraged by adding nest boxes with 4-6 boiled eggs to the pens just before the 
onset of lay at 16 weeks of age. A poultry attendant maintained a daily record of the 
absence or expression of incubating behaviour of each hen. Incubating hens selected 
for the experiments (Chapter 5) had been incubating for 8-21 days before sample 
collection. All incubating hens had fully regressed ovaries with no yellow yolky 
follicular hierarchy and laying hens had fully developed ovaries with fully developed 
yellow yolky follicular hierarchies. 
2.2 Administration of test substances and blood sampling 
Intravenous injections were administered into a brachial wing vein. Blood samples 
(-1 ml) were taken from a brachial vein using a heparinised (PUMP-HEP ®, Leo 
laboratories Ltd, Princes Risborough, Bucks, UK) 2m1 syringe (Terumo Europe, 
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Leuven, Belgium) with a 25 G, 0.5mm needle (Teruno Europe). Plasma fractions 
obtained by centrifugation at 250 x g, 4°C for 15 minutes were stored at -20°C. 
2.3 Collection of neuroendocrine tissues 
All birds were killed by cervical dislocation (Home Office Schedule 1- killing). 
After killing the bird was decapitated and the lower mandible, excess bone and tissue 
removed with a sharp pair of dissecting scissors to expose the skull. 
2.3.1 Collection of pituitaries for in vitro cell culture 
For studies of anterior pituitary function in vitro the gland was removed as rapidly as 
possible using a dorsal approach. A transverse cut was made across the rear of the 
skull and two additional lateral cuts were made to connect the transverse cut with the 
rear of the eye sockets. The base of the skull was broken transversely behind the eye 
sockets by pulling up the skull to the front of the transverse cut and pressing down on 
the rear portion of the base of the skull. The brain stalk was cut and the whole brain 
was reflected forward with the base uppermost. This procedure allowed rapid access 
to the anterior pituitary gland which remained in or was pulled out of the se/la 
tursica, the cavity that surrounds the gland. A pair of fine forceps was used to 
remove the anterior pituitary. Freshly dissected pituitaries were pooled into a sterile 
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15 ml tube (Greiner) containing chilled phosphate buffered saline (PBS). The time 
elapsed from killing to removing the anterior pituitary gland was less than 3 minutes. 
2.3.2 Collection of neuroendocrine tissues for studies in vivo 
For studies involving the measurements of pituitary and hypothalamic mRNAs the 
tissues were dissected using a ventral approach. Tissue and bone from the base of 
the skull was removed using fine scissors and a rongeur. Once the posterior of the 
optic nerve and sella turcica were located the bone overlaying the base of the 
anterior pituitary was removed using fine scissors cutting rostrally and bilaterally 
from the optic chiasma. The anterior pituitary was removed with a pair of fine 
forceps and placed into a sterile 2 ml screw cap tube (Sarstedt) weighed on a balance 
(Sartorius model BP2 1 Os, Epsom Surrey) and quickly snap frozen in liquid N2 and 
stored at -80°C. All bone underlaying the basal hypothalamus was removed to reveal 
the median eminence. Additional bone was removed from the base of the brain to 
reveal all of the optic chiasma and the base of the pre optic hypothalamus and mid-
fore brain. The optic chiasma was removed and bilateral cuts 2 mm to each side of 
the midline were made with a sterile scalpel blade from rostral preoptic area (POA) 
to the roots of the occulomotor nerves. Transverse cuts were then made rostral to the 
POA and caudal to the roots of the occulomotor nerves and the whole hypothalamus 
was lifted out of the brain using a small pair of curves scissors. This tissue block 
contained all GnRH-I (Dunn etal., 1996) and GnIH (Ukena et al., 2003) neurones. 
M. 
Chapter 2 	 Material and Methods 
The hypothalamic block was placed into a sterile 2 ml screw cap tube and quickly 
snap frozen in liquid N 2 and stored at -80°C. 
2.4 Chicken gonadotrophin radioimmunoassays 
Gonadotrophin quantification in blood plasma or culture medium was achieved by 
radioimmunoasssay (RIA) which involves measuring the ability of an unlabelled 
gonadotrophin to compete with 1125  labelled gonadotrophin for binding sites on an 
antibody. If the quantity of antibody and radioactive hormone are held constant, and 
the amount of unlabelled hormone within the reaction mixture increased, the amount 
of labelled hormone bound to the antibody is reduced. This relationship underlies 
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Figure 2.2 Principles underlying the standard curve for a radioimmunoassay 
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Evaluation of the amount of radioactive hormone bound to the antibody in the 
presence of varying amounts of non-radioactive hormone is used to generate the 
standard curve. By comparing the inhibition of binding of radioactive hormone in an 
unknown sample by a standard of known concentration, it is possible to determine 
the quantity of hormone present in the test sample (Figure 2.2). 
2.4.1 Specificity 
An important parameter for determining reliability of a RJA is to demonstrate it 
quantifies only the hormone that it is intended to measure. This characteristic is 
known as specificity. Specificity is defined as the lack of interference from 
substances other than the one to be measured. Similarities in the structures of the 
anterior pituitary glycoprotein hormones FSH, LH and TSH have made production of 
specific antisera difficult, because these hormones share a common a subunit and 
have homologies in the amino acid sequences of the hormone specific 3 subunits. 
Proteins with high homology would share numerous common antigenic 
determinants. Further compounding this problem is that a purified preparation of 
chicken TSH is currently unavailable to test for cross reactivity in chicken FSH and 
LH assays. This problem has been overcome by screening a large number of 
antibodies for high specificity and ensuring that biological samples dilute out parallel 
to the standard curve. 
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2.4.2 lodination of radiolabelled hormone 
The radioisotope most commonly used to label proteins is iodine 121 (1125) that is 
purchased as a solution of sodium salt NaI 125 . The release of nascent iodine from 
NaI' 25  is brought about by the use of an oxidising agent like choloramine-T (CL-T) 
which catalyses the iodination reaction. The oxidant used in the reaction has 
potential to denature the protein into which the radioiodinate is being incorporated. 
To minimise this, exposure of the protein to the oxidizing agent is kept to a 
minimum. To be certain that a molecule of radioiodine is incorporated into each 
molecule of protein excess Na1 125  is included into the reaction mixture. This 
necessitates separation of 1125  bound to unbound 1125  Separation is accomplished by 
column chromatography. Contents of the radioiodination mixture are applied to a 
column containing a resin that separates compounds based on size. Since the 
molecular size of the radiolabelled protein is much larger than NaT 125, the protein 
passes through the column much more rapidly (Figure 2.3). The radioiodinated label 
is saved and free 1125 discarded. 
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Figure 2.3 Elution pattern of anti chicken LH (LH-RI-1) iodination mixture showing the 
separation of free and bound 1125 
2.4.3 RIA procedure 
The first step in a representative RIA procedure involves dispensing standards and 
samples (1) accompanied by an antibody (2) (Fig 2.4). This mix is typically 
incubated for 24 hours. The next step involves the addition of a fixed amount of 
radiolabelled hormone (3) and allowed to incubate for a further 24 hours. On the 
third day of a typical RIA secondary (NARS) and tertiary (DARS) antibodies (4-5) 
are added to assay tubes to produce an antibody-antigen matrix, which facilitates 
precipitation. Following a final incubation the tubes are spun down and excess 
radiolabelled hormone is removed. The remaining radioactivity is measured and the 
data is processed (6). 
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Figure 2.4 Typical RIA procedure 
2.4.4 Chicken LH RIA 
The double antibody method for radioimmunoassay of chicken LH developed by 
Sharp and colleagues (1987) was used in the studies presented. All reagents were 
available "in house". The intra-assay coefficient of variation was 5.4 %. Medium 
samples were diluted serially in LH radioinimunoassay diluent. 
An adapted version of Greenwood's (1963) chloramine T procedure for iodination 
was followed to radiolabel purified LH (LH-RI-1) preparations. All reagents used in 
the preparation of the radiolabelled LH were dissolved in 50mM sodium phosphate 
buffer, pH 7.5. The iodination of LH-RI-1 was carried out in a specified radioactive 
hot lab. 
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Before the start of the iodination procedure a PD-10 Sephadex 0-25 column (LKB-
Pharmacia) was equilibrated with column buffer (50 mM phosphate buffer + 0.2% 
gelatin). 
Preparation of 50mM phosphate buffer 
0.25 M Na2HPO4 (17.75 gNa2HPO4 in 500 ml dH20) 
0.25 M NaH2PO4 .H20 (17.2 g NaH2PO4 .H20 in 500 ml dH20) 
A 1000 ml beaker containing 500 ml 0.25 M Na2HPO 4 (base) and a stirring bar was 
placed on a magnetic stirrer, the solution was mixed and the probe of a pH 120 
Microprocessor pH meter (Hanna instruments) was placed in the solution. 0.25 M 
NaH2PO4.H20 (acid) was added to the solution using a Pasteur pipette until the 
solution had a pH 7.5. This solution was 0.25 M phosphate buffer and was kept as a 
stock. 100 ml 0.25 M phosphate buffer in 400 ml of dH20 gave a working 
concentration of 50 mM phosphate buffer. 
6.25 A l of 1 .25/.Lg LH-RI- 1 in a 1 .5ml microcentrifuge tube (Sarstedt) was clamped 
over a magnetic stirrer and surrounded by a lead shield. A small stirring bar ('-P2mm 
piece of paper clip) was added to the reaction vessel. The iodination procedure was 
performed with constant mixing of the magnetic stirrer. 19 jil of 50 mM phosphate 
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introduced into the microcentrifuge tube and the reaction started with 1 0d of freshly 
prepared 1 mg.mr' chioroamine T sodium salt (Fison). The reaction proceeded at 
room temperature (17-19°C) for precisely 45 seconds. The reaction was terminated 
by the addition of 100al of lmg.mF 1 sodium metabisulphate, NaS 205 (Fisons) and 
100 /Ll of 0. lg.mF' potassium iodide, KI (Fisons). The content of the reaction tube 
was then transferred to the equilibrated PD-10 column. The reaction tube was rinsed 
with 250A1 of column buffer and also transferred to the PD-10 column. Column 
buffer was continuously supplied to the column reservoir until approximately 20 
fractions, each containing 10 drops, were eluted into LP4 plastic tubes (Denley-
Luckham). 
The amount of gamma radioactivity in each tube was then counted using a Mini-
Assay type 6-20 counter (Mini-instruments). Intact radiolabelled LH-RI-1 was 
typically located between fractions 5 - 8 (Figure 2.3), this was preceded by a smaller 
peak which contained denatured, radiolabelled LH-RI-1. The free iodine eluted 
between fractions 16 - 20 (see figure 2.4). Tubes containing the intact LH label were 
pooled and diluted in radioimmunoassay diluent at approximately 500 000 counts per 
minute (cpm) per lOpJ and stored for up to 4 weeks at 4°C. 
Stock LH-RI- 1 was stored lyophilised in 1 92/Lg aliquots and was reconstituted into 
192g.mF 1  solution with 50 mM phosphate buffer (imi) for use in the assay. Further 
dilutions of this stock were made using radioimmunoassay diluent as shown in table 
2.1. 
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Table 2.1 Serial dilution of LH-RI-1 stock for standard curve 
Standard No. LH-RI-1 Diluent pg / tube_  
1 26 p1 of stock 974 p1  
2 lOOplofi 900 /A  
3 100plof2 900pI  
4 400plof 3 3.6 ml 1000 
5 1.6 ml of  400pl 800 
6 1.0mlof4 1.0 ml 500 
7 1.0 ml of  1.0 ml 400 
8 1.0 ml of  1.0 ml 200 
9 1.0mlof8 1.0 MI 100 
10 1.0 ml of  1.0 ml 50 
11 1.0mlof10 1.0 MI 25 
12 1.0mlof11 1.0 M! 12.5 
13 1.0mlof12 1.0 ml 6.25 
14 1.0mlof13 1.0 ml 3.125 
15 1.0 ml of 14 1.0 ml 1.5625 
16 1.0mlof15 1.0 ml 0.7812 
17 1.0mlof16 1.0 ml 0.3906 
LH Radioimmunoassay diluent 
9.875 g Na2H.PO4 
1.62 g Na.H2.PO4 
17.5 gNaCl 
5.84 g EDTA (disodium salt) 
2 g sodium azide (BDH) 
40 ml horse serum (GIBCO) 
dH2O Milli-Q to make a final volume of 2 litres 
FIStandard used in assay 
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The assay was set up in LP2/2 plastic tubes using a Hamilton Microlab-M 500 
series auto-dispense (Howe and Co ltd) as illustrated in table 2.2. Total counts (Tc), 
non-specific binding (NSB) and standard tubes were dispensed in triplicate and 
maximum binding (B0) into six tubes. Quality controls were pooled cockerel plasma 
and were dispensed into four tubes. After each addition of a reagent the assay tubes 
were vortexed on a multi-tube vortexer (Alpha Laboratories) and returned to 4°C 
overnight incubation. 
Stock solutions of rabbit anti-LH-R1-1, designated anti-LH 3/3 (Sharp et al., 1987), 
were stored at -20°C at 1 in 190 dilution in 300pJ LH diluent. A working 
concentration of 1:19 000 was prepared in diluent and added to each assay tube 
(except Tc and NSB). On the second assay day approximately 12 000 cpm per 501Li 
of 1251-LH-RI-1 in LH diluent was added to all assay tubes. Normal rabbit serum 
(NRS) (Scottish Antibody Production Unit, Edinburgh, UK) and donkey anti-rabbit 
serum (DARS) (Scottish Antibody Production Unit) at 1:200 and 1:20 respectively 
were each added to the assay tubes in 501.tl volumes (except Tc). On the final assay 
day all tubes were centrifuged (Sovrvall RC-3B) at 1500 x g for 30 minutes at 4°C. 
The integrity of the pellet was preserved by adding 501il of 6% starch solution (BDH) 
to each tube (except Tc) using a 125/Ll multi-dispensing pipette (Eppendorf, 
Cambridge, UK). Assay tubes were re-centrifuged for an additional 15 minutes. The 
supernatant fractions were aspirated to waste (apart from Tc) and pellets counted for 
60 seconds on a gamma-counter (GammaMaster, LKB Pharmacia). 
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Table 2.2 Chicken LH RIA protocol 
TUBE 













Total 0 0 0 50 0 0 
NSB 0 250 0 50 50 50 
Bo 0 200 50 50 50 50 
STD1 to 
STD14 
200 0 50 50 50 50 SPIN 
 TUBES 
QC1 10 190 50 50 50 50 and 














2.4.5 Chicken FSH RIA 
The double antibody method for radioimmunoassay of chicken FSH developed by 
Krishnan et a! (1998) was used in the studies presented. A chicken FSH RIA kit was 
obtained from Dr. John Proudman of the U.S. Department of Agriculture (Beltsville, 
MID, USA). The intrassay coefficient of variation was 8.5 %. Medium samples were 
diluted serially in FSH assay buffer. Chicken FSH, named USDA-cFSH-I- 1, was 
radioiodinated using the chioramine T procedure. The iodination of USDA-cFSH-I-
iwas carried out in a specified radioactive hot lab. 
Before the start of the iodination procedure a PD-10 Sephadex G-25 column (LKB-
Pharmacia) was equilibrated with column buffer (50mM sodium phosphate buffer + 
0.2% gelatin). 
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Preparation of 50mM phosphate buffer 
0.25 M Na2HPO4 (17.75 g Na2HPO4 in 500 ml dH20) 
0.25 M NaH2PO4 .H20 (17.2 g NaH2PO4 .H20 in 500 ml dH20) 
A 1000 ml beaker containing 500 ml 0.25 M Na2HPO4 (base) and a stirring bar was 
placed on a magnetic stirrer, the solution was mixed and the probe of a pH 120 
Microprocessor pH meter (Hanna instruments) was placed in the solution. 0.25 M 
NaH2PO4 .H20 (acid) was added to the solution using a Pasteur pipette until the 
solution had a pH 7.5. This solution was 0.25 M phosphate buffer and was kept as a 
stock. 100 ml 0.25 M phosphate buffer in 400 ml of dH 20 gave a working 
concentration of 50 mM phosphate buffer. 
Five pg of cFSH was placed in a 0.5 ml micro-centrifuge tube and dissolved in 10 
jl of distilled water. The micro-centrifuge was clamped over a magnetic stirrer and 
surrounded by a lead shield. A small stirring bar (-2mm piece of paper clip) was 
added to the reaction vessel. The iodination procedure was performed with the 
magnetic stirrer constantly rotating. 20 jil of 0.25 M sodium phosphate buffer, pH 
7.4 and 10 /Ll Na' 251 were then added to the iodination vial. The iodination reaction 
was initiated by addition of 55 g.ml -1  of freshly prepared chloramine T in 10 l in 
0.25 M sodium phosphate buffer, pH 7.4. The reaction proceeded for 5 minutes at 
room temperature and terminated with 100 l transfer solution (100 mg potassium 
iodide, 1.6 g sucrose, 1 mg bromophenol blue diluted in 50 mM sodium phosphate 
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buffer) and 200 Itl 25% BSA. The reaction mixture was transferred to the 
equilibrated PD- 10 column. Twenty fractions, each containing 8 drops, were eluted 
into LP4 plastic tubes (Denley-Luckham) containing a few crystals of sucrose 
(BDH). The amount of gamma radioactivity in each tube was then counted using a 
Mini-Assay type 6-20 counter (Mini-instruments). Radiolabelled USDA-cFSH-I-1 
was typically located between fractions 8-14. The peak iodinated protein fractions 
were pooled and further purified in an NR 200 column. The NR 200 column, 
connected to a pump (Gilson model 303), was pre-equilibrated before use and 
radiolabelled FSH was eluted at 8 ml/hour with PBS + 0.0 1% thimerosal into tubes 
placed in a revolving carousel. Purified iodinated FSH typically fell within fraction 
numbers 30-40. 
Stock reference standard, designated USDA-cFSH-K-I, was dissolved in FSH 
assay buffer (PBS + 0.1% BSA + 0.01% Thimerosal) at a concentration of 1000 
ng.mF 1 . 100 t1 of this stock was diluted in 900 j.tl assay buffer, this was used as the 
top standard. 
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Table 2.3 Serial dilutions of USDA-cFSH stock for standard curve 
Standard No. USDA-cFSH-Kl (p1) Assay Buffer (u1) pg I tube 
1 100 of stock 900 5000 
2 560of1 140 4000 
3 350 of  350 2000 
4 3500f3 350 1000 
5 350 of 4 350 500 
6 350 of  350 250 
7 350of6 350 125 
8 350 of 7 350 62.5 
9 350 of  350 31.25 
10 350 of  350 15.62 
11 350 of 10 350 7.81 
12 3500f11 350 3.9 
The assay was set up in LP2/2 plastic tubes using a Hamilton Microlab-M 500 
series auto-dispenser (Howe and Co Ltd) as illustrated in Table 2.4. Total counts 
(Tc), non-specific binding (NSB) and standards and unknown samples were 
dispensed in triplicate and maximum binding (B o) into six tubes. Quality controls 
were pooled cockerel and hen plasma that was dispensed into four tubes. After each 
addition of a reagent the assay tubes were vortexed on a mulit-tube vortexer (Alpha 
Laboratories) and incubated at ambient temperature (-P24°C). 
Stock solutions of rabbit anti-cFSH anti-serum, designated USDA-AcFSH-16, was 
stored at -20°C in 1.0 ml of a 1:20 dilution. A working concentration of 1:200 was 
prepared in PBS-0.5M EDTA-1 :20 NRS and dispensed in 20 Itl volume into all tubes 
apart from Tc and NSBs. 20 /.Ll of PBS-EDTA-NRS with no cFSH anti-serum was 
dispensed into NSB tubes. Assay tubes were then incubated at room temperature for 
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24 hours. On the second assay day approximately 12 000 cpm per 20 l of USD-
cFSH-I- 1 in FSH assay buffer was added to all assay tubes and incubated for 48 
hours. On the fourth assay day 20 Al DARS (Scottish Antibody Production Unit) at 
1:20 dilution in PBS/EDTA (except Tc) was added to the assay tubes and incubated 
at room temperature for at least 16 hours. 
On the final assay day all tubes were centrifuged (Sovrvall RC-3B) at 1500 x g for 
30 minutes at 4°C. The integrity of the pellet was preserved by adding 500 of 6% 
starch solution to each tube (except Tc) using a 1251Ll multi-dispensing pipette 
(Eppendorf). Assay tubes were re-centrifuged for an additional 15 minutes. The 
supernatant fractions were aspirated to waste (apart from Tc) and pellets counted for 
60 seconds on a gamma-counter (GammaMaster, LKB Pharmacia). 
Table 2.4 Chicken FSH RIA protocol 
TUBE 
Day  	Day 2 Day  Day  
STD/Sample Diluent Anti-cFSH Label DARS 
(pl) (p1) PBS/EDTNNRS (p1) (pl) (pl)  
Total 0 0 0 20 0 
NSB 0 50 0 20 20 
Bo 0 50 20 20 20 
STD1 to 50 0 20 20 20 SPIN 
STD12 50 0 20 20 20 TUBES 
QC1 40 10 20 20 20 and 
QC2 20 30 20 20 20 COUNT 
Sample 1 40 10 20 20 20 
Sample 2 40 10 	1 20 	1 20 20 	1  
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2.5 Quantative Competitive (QC) RT-PCR assays for neuroendocrine 
mRNAs 
The quantitative competitive (QC) RT-PCR assay pioneered by Dunn and colleges 
(1996) to measure chicken (ch)GnRH-I mRNA was used in this Thesis to measure 
hypothalamic chGnRH-I gene expression and the methodology adapted to develop 
assays for six other neuroendocrine genes. These were pituitary gonadotrophin 
common FSH3, LH(3 subunits, follistatin and activin fiB  subunit and gonadotrophin 
inhibitory hormone (GnIH) mRNAs. The development of such assays draws upon a 
number of molecular biological techniques. The first steps in the development of a 
QC RT-PCR assay for the measurements of a mRNA transcript is the isolation of 
total RNA from neuroendocrine tissues for subsequent reverse transcription and 
designing of oligonucleotide primers for genes of interest for PCR amplification 
(figure 2.6). 
PCR starts with double stranded DNA, and each cycle of the reaction begins with 
heat treatment to denaturise the two strands (step 1). After strand separation, cooling 
of the DNA with an excess of the two primer oligonuleotides allows these primers to 
hybridise to complementary sequences in the two DNA strands (Step 2). In the 
presence of DNA polymerase and the four deoxyribonucleoside triphosphates DNA 
is synthesised, starting from the two primers (step 3). The entire cycle starts again by 
a heat treatment to separate the newly synthesised DNA strands. Within a few cycles 
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in the original template (see Figure 2.5). The principles of the QC RT-PCR assay is 
based on the application of this fundamental molecular biological technique. 
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Figure 2.6 QC RT-PCR standard curve produced by a shortening of cloned standard to 
produce a smaller competitor while retaining 5' and 3' oligonucleotide recognition sites and b 
lengthening of cloned standard to produce a larger competitor. Amplified standard and 
competitor can be visualised by gel electrophoresis due to size differences. 
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The principle of QC RT-PCR assays to quantify mRNA transcripts in biological 
samples relies on co-amplification of a competitive template (competitor) that has the 
same oligonucleotide recognition sites as the target cDNA. A dilution series of the 
target cDNA of known concentrations (cloned cDNA standard) is added to a constant 
amount of competitor to create a standard curve, much like the RIA standard curve 
(see section 2.4.1). In the same QC RT-PCR assay an equal amount of competitor is 
added to each biological sample of unknown quantity. The ratio of unknown target 
to competitor can be compared with the standard curve to give a relative 
quantification. 
The assays were carried out in tubes containing plasmid DNA standard and 
competitor for standard curves, or experimental sample cDNA and the competitor. 
Standard curves were made up of eight, two-fold dilutions of the respective standard 
plasmid. The concentration of standard plasmids ranged between x10 14 and x10' 9 
moles, depending on the assay, in a volume of 5pd. The competitor plasmids were 
diluted to a concentration that fell in the middle of the standard range. A fresh 
standard curve and competitor dilutions were made on the day of each assay. Each 
tube for all assays contained standard or cDNA neuroendocrine sample (5pJ) and 
competitor (5.d) made up to a PCR mix of 201il. The PCR assays were carried out 
in: 
PCR buffer (x 10) with 1.5mM MgCl2 
2mM dNTP 
0.025UItl Taq DNA polymerase 
0.5 AM of assay specific forward and reverse primers 
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The PCR conditions were optimised using a programmable gradient heating block 
(Hybaid MBS 0.2G) and the following conditions were found to be the most efficient 
at amplifying the respective neuroendocrine genes: 
30 cycles (94°C, 20s; 62 °C, 20s; 72°C, 20s) for FSH, LH 0, common a subunits 
30 cycles (94°C, 20s; 60°C, 20s; 72°C, 20s) for follistatin, GnRH-I and GnIH 
40 cycles (94 °C, 20s; 59°C, 20s; 72°C, 20s) for activin 13B. 
After the PCR amplification was completed, a final incubation step of 80°C for 20 
minutes was added to ensure heterodimers of amplified competitor and standard or 
cDNA were eliminated (Figure 2.7). 
A. 	 B. 
Figure 2.7 Heterodimers form due to the hybridization of amplified sets of competitor and 
standard/cDNA. A. illustrates the phenomenon of heterodimers visualized on an agraose 
gel. Heterodimer formations are undesirable when analysing results, although encouraging 
as this is evidence that the competitor and standard/cDNA are interacting and thus 
competing. An additional incubation step of 80°C for 20 minutes post PCR denatures these 
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After agarose gel electrophoresis to separate bands (see ) the amplified cDNA in 
each lane was quantified using gel plotting macros in the Scion Image computer 
package (Scion Corporation, National Institutes of Health, USA). In order to obtain a 
linear standard curve, the ratio of the two bands, standard and competitor, was 
calculated, log transformed and plotted against the number of moles of standard 
plasmid present in each sample. 
Figure 2.8 A -B. The intensity of standard/unknown and competitor bands are analysed in 
the Scion Image computer package C. linear regression of data using Minitab 14. 
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2.5.1 Validation of QC RT-PCR assays for neuroendocrine genes 
To determine whether the developed QC RT-PCR assays for neuroendocrine genes 
are subject to non-specific interference experiments were carried out using dilutions 
of hypothalamic RNA for GnIH and pituitary RNA for common a, FSHf3, LHj3 
subunits. Samples of total RNA were prepared which contained decreasing amounts 
of hypothalamic or pituitary RNA with constant amounts of total RNA and constant 
amounts of hypothalamic or pituitary RNA with increasing amounts of total RNA. 
These samples were reverse transcribed (see 2.5.1.3) and assayed. Figure 2.9 
illustrates the validation of LH fi, the remaining QC RT-PCR assays gave similar 
results. 
a. 	 b. 
LH 0 cONA (xl 	M) 	 LH $ cDNA (xlO 13 M) 
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Figure 2.9 Validation of LH /1 subunit QC RT-PCR assay. a. Decreasing amounts of 
pituitary RNA with constant amounts of total RNA b. Constant amounts of pituitary RNA with 
increasing amounts of total RNA. 
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2.5.2 NPY QC RT-PCR assay 
The QC RT-PCR assay to quantify chicken NPY mRNA was constructed by Dr. 
Tim Boswell. The NPY standard was constructed by cloning the product of RT-PCR 
amplification into the EcoRV multiple cloning site of a pBSK-II vector using 
chicken hypothalamic cDNA as a template and the oligonecleotides in Table 2.5. 
The cloned NPY plasmids were transformed into XL1 Blue competent E. coil cells 
(Stratagene Europe, Amsterdam, Netherlands). Plasmid DNA was purified using a 
Qiagen QlAprep Spin Midiprep kit (Qiagen Ltd., Crawley, West Sussex, UK) and 
sequenced to check gene identity. 
The NPY competitor was constructed by a double enzyme digest of the cloned 
NPY standard. The restriction enzymes Bbs I and Bse RI cut within the cloned NPY 
cDNA sequence and produced a 59 bp digested franent, the piasmid was re-ligated 
to produce the smaller competitor. The QC RT-PCR conditions for NPY 
quantification were 30 cycles (94 °C, 20s; 62°C, 20s; 72 °C, 20s) using specific 
oligonucleotide primers in Table 2.5. 
2.5.3 Ribonucleic acid (RNA) extraction from neuroendocrine tissues 
Total RNA was isolated from neuroendocrine tissues simultaneously and randomised 
according to experimental groups throughout the extraction process to avoid 
introducing unnecessary variation in quality between samples. A commercial 
Chapter 2 	 Material and Methods 
modification of the guanidinium thiocyanate phenol chloroform method proposed by 
Chomczynski and Sacchi (1987) was used for RNA tissue extraction. The amount of 
extraction solution, Trizol and chloroform that was added to samples was dependent 
on tissue type (see Figure 2.10). 
Pitutary RNA Extraction Hypothalamus RNA Extraction  
200 /A Chloroform 
100 p1 Chloroform U 600 p1 Trizol 1000 p1 Trizol   2 x 20 seconds 2 	20 seconds 
speed 4.0 speed 6.0 
Figure 2.10 Volumes of Trizol and chloroform added to neuroendocrine tissue samples 
Tissues were placed in matrix D tubes (Q-biogene-Alexis) containing the correct 
volume of the extraction solution Trizol (Invitrogen Life Technologies). Disruption 
of tissue samples was performed in a FastPrep FPI20 homogeniser (Q-biogene-
Alexis Ltd) using the parameters (time and speed) specified in Figure 2.10 for the 
respective tissue type. Chloroform (BDH) was then added (100 jzl pituitary, 200 jil 
hypothalamus) and the tubes were vortexed and left on ice for 10 minutes. After 
incubation the tubes were centrifuged at 20 000 x g (14, 500 rpm) for 15 minutes. 
The upper aqueous phase was removed and transferred to a sterile 1.5 ml Eppendorf 
tube (Sarstedt) containing a 2 Itl aliquot of molecular grade glycogen (Roche 
Diagnostics). Glycogen acts as a co-precipitate maximising RNA yield from small 
tissue samples. RNA was precipitated by the addition of an equal volume of 
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isopropanol followed by centrifugation for 15 min at 20 000 x g (14, 500rpm). The 
RNA pellet was then washed twice with lml of 70% ethanol. Residual ethanol was 
removed with a pipette and the RNA pellet was briefly dried under vacuum and 
dissolved in 100-150 tl d}i120. 
The yield of RNA was quantified by measuring the optical density of a 1150 
diluted sample of freshly extracted RNA at 260nm and 280nm on a 
spectrophotometer. The ratio between readings from the two wavelengths was 
determined and compared to pure RNA, which has a ratio of 2:0 (0D 260/0D280). 
Ratios from extracted RNA ranged from 1:5 to 2:1. The quantity of total RNA in a 
sample was determined by multiplying the 260 nm reading by 40 because an optical 
density (OD) reading of 1 corresponds to approximately 40 jig.mi' pure RNA and by 
the dilution factor. 
(0D260 x 40 x 50) / 1000 = total RNA j.tg.ir' 
An aliquot of the dissolved RNA from each sample was run on a formaldehyde gel in 
order to check RNA integrity. 10/i1 of total RNA were loaded onto a 1.0% 
formaldehyde gel to verify the integrity of each sample. The visible bands 
correspond to the two ribosomal subunits (28s and 18s) within each total RNA 
sample (Figure 2.11). 
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28s rRNA 
18s rRNA 
Figure 2.11 Demonstration of integrity of extracted RNA on a formaldehyde gel 
A i OX formaldehyde (FA) buffer was prepared and kept as a stock. The 
composition of the stock solution (per liter) was: 
lOX formaldehyde buffer 
41.9 g MOPS (BDH) 
6.8 g sodium acetate.3H 2 0 or 4.1 g sodium acetate 
20 ml 0.5 M EDTA 
pH adjusted to 7.0 using 1 M NaOH using pH 120 Microprocessor pH meter (Hanna 
instruments). 
Before running the samples the electrophorsis tank was cleaned with a 
commercially available detergent, RNaseZap® (Ambion), thoroughly rinsed with 
Milli-Q dH20, and then rinsed with 70% ethanol and allowed to dry. 1% FA gel was 
prepared by adding 1.0 g of agarose (BDH) to 10 ml of lox FA buffer and Milli-Q 
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dH20 to 100 ml into an oven baked 500 ml flask. The flask was heated in a 
microwave with occasional swirling until the agarose was dissolved; to avoid build 
up of pressure during heating the lid of the flask was not tightened. If the volume of 
the liquid was significantly reduced due to heating additional Milli-Q dH20 was 
added to ensure that the agarose concentration was correct. The dissolved agarose 
was cooled in a heated hot box set at 60°C. After cooling 20 ml of 12.3 M 
formaldehyde and 2 Al of 5 mg.m1 1 ethidum bromide was added in a fume cupboard 
while wearing nitrile gloves. The agarose solution was poured onto a gel tray in a 
fume hood. An appropriately sized comb for well formation was placed into gel tray 
before pouring. The gel was allowed to set for at least 30 minutes before use. Once 
the gel had set it was placed into the pre-washed electrophersis tank. The tank was 
filled with enough lx FA buffer to cover the gel with at least 1 mm of liquid above 
the surface of the gel. The comb was carefully removed and the gel was allowed to 
equilibrate with the lx FA buffer for at least 30 minutes. 10 jl of RNA of each 
sample was placed into individual wells of a 96 well plate (Abgene) containing 9 ji! 
of 5X RNA loading dye and 1 ttl ethidium bromide. The samples were then heated 
at 65°C for 10 minutes in a Hybaid MBS 0.2G programmable heating block and 
loaded into the gel immediately. 
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5X RNA loading dye 
80 Itl 500 mM EDTA, pH8.0 
720 al 37% formaldehyde 
2 ml 100% glycerol 
3084 l formamide 
4 ml i OX FA buffer 
total to 10 ml with Milli-Q dH20 
This loading dye remains stable for approximately 3 months if stored at 4°C. 
2.5.4 Reverse transcription of total RNA to complementary 
deoxyribonucleic acid (cDNA) 
A sample of total RNA was reverse transcribed using a First Strand synthesis kit 
(Amersham Pharmacia Biotech). Each RNA sample was heated at 65°C for 10 
minutes to relax any secondary structures that may have been formed. 4p.l of each 
sample (approximately 1g) was added to a master mix containing O.Sp.l of 200mM 
DTT solution, 0.5d of 0.2g.0 -1 Not I-d(T) 18 primer solution and 2.5p.l  of 
1st  strand 
synthesis buffer for each sample to be reverse transcribed. The master mix was 
prepared in a sterile eppendorf tube in order to minimise the potential tube-to-tube 
variation due to pipette errors. To farther minimise this problem a multiple 
dispensing electronic pipette (Rainin EDP) was used to aliquot the master mix into 
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individual tubes of a 96 well plate. The plate was sealed with an Easy Peel heat 
sealing foil sheet (Abgene) and heated in a combi-thermo sealer (Abgene). Samples 
were pulse centrifuged (Jouan BR4i carrying a S20 rotor) and incubated on a Hybaid 
NMS 0.2G programmable heating block at 37°C for 1 hour and heated to 90°C for 5 
minutes in order to denature the reverse transcriptase enzyme. After incubation 
samples were cooled on ice for 10 minutes and diluted into 40-80 Al dH20 before 
storing at -20°C. 
2.5.5 Design of primers for use in polymerase chain reaction (PCR) 
Oligonucleotide primers for the amplification of neuroendocrine genes were 
designed using the "primer" computer package version 0.5 (Whitehead Institute for 
biomedical research Cambridge, MA, USA) with sequences of published cDNA 
transcripts available on-line http://www.ncbi.nlm.nih.gov/entrez/ . An effort was 
made to select primers with low GC content and sequences with significant 
secondary structures were avoided. A Tm of around 60°C was used to design 
primers. Oligonucleotide primers were synthesised by Sigma-Genosys. The 
sequences of all primers used in the cloning of neuroendocrine genes and subsequent 
QC RT-PCR assays are in table 2.5. 
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Table 2.5 Oligonucleotide primers used for QC RT-PCR assays with Genbank accession 
numbers 
Gene 	Forward primer 	 Reverse Primer 	Accession No. 
GnRH-1 TGGGTrTGTrGATGGTGTTGT A1T1TCCAGCGGGAAGAG11G 	- X69491 
Gn I H TGGAAAGCAGAGAAGATGATG ACACAGG1TrGCA1T1CAGTT AB0398 15 
NPY CACCATGAGGCTGTGGGT cAATGGCTGCATGCACTG M87294 
Alpha ATrGAACAAGGGAGAAAGATCA AACAGCCATCCATCTCATTC S70833 
FSHP TGCTGGAAAGCTCTGflG ACTGAAGGAGCAGTAGGATGG bi392995 
LHP ACGGTGGCGGTGGAGGGA GGGCAGCGGGCGCAGCGGCA S70834 
Activin PB TCTG1TTGAGAGAGGAGAAAGG CATTGTGCTAAG1TrGGTTGG Z71594 
Follistatin CCGGATTGCTCTAATATCACTT CTGCCAAccTrAAAATcCCA X87609 
2.5.6 Polymerase chain reaction (PCR) 
All PCR amplification was carried out in a Thermo-Fast® low profile 96 well plate 
(Abgene) on a Hybaid MBS 0.2G programmable heating block. PCR plates were 
sealed with Easy Peel heat sealing foil sheets (Abgene) heated in a combi-thermo 
sealer (Abgene). The PCR mix was pulse centrifuged in a Jouan BR4i with a S20 
rotor arm before being placed in the heating block for PCR. Post PCR products were 
pulse centrifuged again before electrophersis. 
2.5.7 Agarose gel electrophoresis 
Visualisation of DNA fragments for analytical or preparative purposes was by 
agarose gel electrophoresis in either standard (BDH) or ultra-pure agarose 
(NuSeive®, BMA) in lx TAE (40 mM Tris, 20 mM acetic acid, 1 mM EDTA). 
Agarose was melted in lx TAE buffer in a microwave with occasional swirling until 
the agarose was dissolved; to avoid build up of pressure during heating the lid of the 
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flask was not tightened. If the volume of the liquid was significantly reduced due to 
heating H20 was added to ensure that the agarose concentration was correct. After 
cooling ethidium bromide (0.5mg/ml) was added and the agarose was poured into a 
gel casting tray with an appropriate gel comb to form loading wells. After setting the 
comb was removed and the gel was submerged in lx TAE buffer in an 
electrophoresis tank. DNA samples, typically 1 Ojil, were loaded into the formed 
wells with 3j0 of gel loading dye (30% glycerol, 70% lx Tris-Acetate/EDTA (TAB), 
0.4% Orange G) in parallel with a 1 Kb DNA ladder (New England Bio Labs) and 
electrophoresed at 6V/cm. DNA was visualised as a function of ethidium bromide 
fluorescence produced by UV illumination via a gel transilluminater at 312 nm 
(UVP), and captured using a video camera linked to a personal computer running the 
Multi-Analyst program (Bio-Rad Laboratories, Inc. USA). 
2.6 Cloning of neuroendocrine cDNA sequences 
Molecular DNA cloning is a process by which a specific DNA fragment from a 
genome is introduced into an autonomously replicating genetic element such as a 
plasmid, and then amplified by propagation in a rapidly growing host cell, often an 
appropriate strain of the bacterium, Escherichia coli. 
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A typical molecular cloning procedure requires: a DNA fragment of interest, often 
called foreign or passenger DNA, a cloning vector, restriction endonucleases, DNA 
ligase and a cell to serve as a biological host. 
The molecular cloning vector plays an important role in recombinant DNA 
procedures. Since most DNA fragments are incapable of self-replication, 
particularly in a host cell from a different organism, an autonomously replicating 
segment of DNA must be used to allow replication of the desired DNA fragment. 
Most cloning vectors are derived from extrachromosomal replicons such as 
bactriophages, viruses and plasmids. 
All neuroendocrine genes of interest were cloned into the pBSK-II vector and 
transformed into XL1 Blue E. co/i competent cells. The purified plasmid carrying 
the clone DNA fragment was used as a standard in the QC RT-PCR assays and as a 
template for the construction of each respective competitor. Sequencing was carried 
out on positive clones to check the identity of the DNA fragment. 
The plasmid Bluescript II SK (+1-) (pBSK-II) cloning vector is a derivative of 
plasmid BR322 and bactriophage M13 and is approximately 3000 bp that replicates 
to a very high copy number in E. coli host cells (figure 2.12). pBSK carries a gene 
that confers ampicillin (amp) resistance on its host, and also encodes for a gene that 
allows the selection of recombinant products by a colour reaction. The plasmid also 
contains a multiple cloning site (MCS) containing recognition sequences of 21 
different endonucleases. The MCS is located within a mutated form of the LacZ 
gene encoding the enzyme, 0-galactosidase, in which one end of the protein coding 
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region is missing. If the intact plasmid is transformed into a host cell that contains a 
-galactosidase gene with a deletion at the other end such as XL1 Blue E. co/i cells, 
then the partial proteins made from the partial genes fit together and make a partially 
active enzyme. This is a form of intragenic complementation. The enzyme cleaves 
the compound X-gal (5 -bromo-4-chloro-3 -indolyl-b-D-galactoside) creating a blue 
colour. The cells are plated on to selective media containing amp, IPTG (isopropyl-
b-D-thiogalactopyranside), which turns on the Lac operon, and X-gal, thus, colonies 
containing intact pBSK are amp resistant and are blue. If a piece of DNA is inserted 
into one of the restriction sites of the MCS the plasmid gene encoding the partial 3-
galactosidase will be inactivated, and no complementation between the plasmid-
encoded and host-encoded enzyme will occur. Thus, a cell with a plasmid which has 
a DNA fragment cloned into the MCS site will be amp resistant, but will no longer 
make active 3-galactosidase, and will form white colonies. PBSK-II exists in the 
form of a covalently closed circle of double stranded DNA. PBSK-II exists in the 
form of a covalently closed circle of double stranded DNA. In order to clone a DNA 
fragment into the plasmid it must be linearised. The endonuclease Eco RV has only 
one recognition site located within the MCS of pBSK-II, which produces a single 
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Figure 2.12 The pBSK-II cloning vector showing the multiple cloning site (MCS) 
Restriction enzymes were used to manipulate the pBSK-II cloning vector. A 
restriction enzyme or endonuclease functions by "scanning" the length of a dsDNA 
molecule. Once it encounters its particular specific recognition sequence, usually 4-6 
nucleotides long, it will bond to the DNA molecule and make one cut in each of the 
two sugar-phosphate backbones of the double helix. Different endonucleases yield 
different sets of cuts, but one endonuclease will always cut a particular base 
sequence the same way, no matter what DNA molecule it is acting on. Once the cuts 
have been made, the DNA molecule will break into fragments often with 2 fold 
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symmetry. Restriction enzyme digests may result in both blunt and overhanging 
ends. 
2.6.1 Purification of RT-PCR products and blunt ending 
Purification of the amplified DNA fragment from contaminates such as 
unincorporated nucleotides, primers, salts, ethidium bromide and agarose is 
important for successful molecular cloning. All cloned DNA fragments were 
amplified from cDNA of pituitary or hypothalamic tissue depending on gene of 
interest. The RT-PCR product was blunt ended with 1 j.d Klenow (Promega) to patch 
up overhanging DNA by incubating at 37°C for 15 minutes the reaction was 
terminated by a 75°C incubation for 5 minutes. Residual dNTPs within the post-
PCR mix dictated that no additional nucleotides were required for the patch up. The 
product was then run on an ultra pure 1.2% nusieve agarose gel (BMA) in parallel 
with a 1Kb DNA ladder to determine product size. The band was then exorcised 
from the gel using a sterile size 11 scapel blade (Swann-Morton) under UV 
illumination using long wavelengths to minimise DNA damage and placed into a 
sterile 1 .5mL Eppendorf tube. The commercially available QIAEX II gel extraction 
kit (Qiagen) was used to purify PCR products from agarose gels. The manufacturers 
protocol was followed. DNA yield from this kit was typically 0.4 pg.j.ir'. 
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2.6.2 Ligation 
Eco RV (cleaveage site boxed in red Fig 2.12) was routinely used to linearise the 
pBSK vector in preparation for ligation of a DNA fragment of interest. 
Reaction mix used to linearise pBSK-II 
0.2 Al 1tg.4F' pBSK-II (Stratergene) 
1.0 ILI Buffer B (Roche Diagnostics) 
0.1 jil Eco RV (Roche Diagnostics) 
8.7 Al dH2O 
Total volume of 10 l 
The reaction mix was set up in a 0.5 mL microfuge tube (Sarstedt) and incubated at 
37°C in an omni gene heated block (Hybaid) for 30 minutes. The reaction mix was 
then diluted to 40 Al with dH 20 to give a concentration of 5ng.pJT' of linearised 
plasmid. 
An additional dephosphorylation step prior to ligation was performed on the 
linearised plasmid. This step reduces the chances of the plasmid re-circularising by 
removing 5'-terminal phosphates. The procedure makes use of shrimp alkaline 
phosphatase (SAP) that can be easily denatured after use by heat treatment at 65°C 
unlike other alternatives such as bacterial alkaline phosphatase (BAP) and Calf 
intestinal alkaline phosphatase (CIP), which are difficult to destroy by heating 
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methods alone. A SAP kit (Roche Diagnostics) was used following the 
manufacture's protocol. 
The rapid DNA ligation kit (Roche Diagnostics) was used to clone DNA 
sequences. Reactions were set up in 1 ml Eppendorf tubes at room temperature. 
7 jl Purified -0.4 ig.F' RT-PCR product 
1 itl Linearised 5ng.r 1 pBSK vector 
114 5x DNA dilution buffer 
1 pJ T4 DNA ligase 
10 j1 2x T4 DNA ligation buffer 
Total volume of 20 j.il 
The reaction mix was allowed to incubate at room temperature for 5 minutes. An 
additional Eco RV digest was performed after ligation to eliminate any plasmid that 
had recircularised without insert. The tubes were then chilled on ice prior to 
transformation. 
2.6.3 Transformation of XLI blue competent cells 
The products of ligation reactions were transformed into XL1 Blue E. coli 
competent cells (Stratergene). Stocks of competent cells were stored in liquid N2 and 
defrosted on ice prior to use. 50 Itl aliquots of thawed competent cells were then 
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added to each ligation reaction and left on ice for 30 minutes. The cells were heat 
shocked for 45 seconds at 45°C in a pre-heated water bath before cooling on ice for 1 
minute. 700 Al of room temperature Soc was added to each sample and the cells 
were shaken at 250 rpm at 37°C for 45 minutes. The cells were then plated onto pre 
warmed agar plates with the aid of a sterilised glass spreader. After drying the plates 
were placed inverted into a 37°C oven overnight. 
2.6.4 Microbiological sterile techniques and preparation of agar plates 
All microbiological techniques were carried out in a Class I microbiological hood. 
Bacterial work surfaces were cleaned with 70% ethanol before and after use. Pipette 
tips, LB broth and LB agar were autoclaved and opened under flame. All plastic 
ware was sealed in sterile packaging. Glass spreaders were sterilised with burning 
ethanol before and after use. Waste was routinely decontaminated by autoclaving. 
Autoclaved LB agar was melted in a microwave. The agar was allowed to cool 
before addition of 400 l of 10 mg.mi' ampicillin, 400 il of 0.1 M IPTG and 800 Al 
of 20 mg.mF' X-gal. The agar was set in 100 mm 2 plates and allowed to set. Plates 
were stored inverted in a sealed bag at 4°C. Before use plates were placed in an oven 
preheated to 55°C, to dry off condensation and make the LB agar warm to absorb the 
transformation mix. 
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2.6.5 Presequencing PCR 
10 Al of LB broth was dispensed into either sterile 0.5 ml micofuge tubes or 
individual wells of a 96 well plate depending on number of positive colonies to be 
picked. White (positive) colonies from overnight growth, potentially carrying the 
desired insert, were picked using a sterile pipette tip. The tip carrying the colony to 
be amplified was placed into the LB broth and mixed vigorously. A pre-sequencing 
PCR mix containing the following PCR components per tube was used to amplify the 
insert: 
Pre-sequencing PCR mix per tube 
2 /Ll of PCR buffer (xl 0) with 1.5mM MgC1 2 (Roche Diagnostics) 
2 j.d of 2mM dNTP (Abgene) 
0.1 ILI of 0.025U4il Taq DNA polymerase (Abgene) 
4 Al of 5 M betaine (Sigma) 
20 jiM of assay specific forward and reverse pBSK-II primers (Sigma-Genosys) 
19 Al of the mix was dispensed into each well, added to this was 1 14 of the LB broth 
containing the picked bacterial colony. The PCR conditions were: an initial melting 
temperature of 94°C for 5 minutes followed by 30 cycles (95°C 15s; 56°C 20s; 72°C 
60s). Confirmation of positive clones were visualised under U.V illumination. False 
positives appeared as 250 bp bands. 
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The pBSK oligonucleotide primers were: 
Forward CAATTTCACACAGGALWCAG 
Reverse CGATTAAGTTGGGTAACGC 
The above primers were designed either side of the Eco RV multiple cloning site of 
the pBSK-II vector and were therefore universal for all inserts. 
2.6.6 Plasmid purification 
A bacterial colony carrying the desired DNA insert was used to inoculate 5 ml of LB 
broth containing 100 jg/ml ampicillin and was incubated at 37°C with shaking at 
250 rpm, overnight. The culture was centrifuged at 6000 x g for 5 minutes at 4°C. 
The supernatant was decanted and the tubes inverted to remove all medium. The 
remaining pellet was used to extract the plasmid carrying cloned DNA. Purification 
of plasmid DNA was prepared by a Qiagen midi kit according to the manufacturers 
protocol. Briefly, the bacterial pellet was resuspended in 4 ml buffer P1 and 4 ml of 
buffer P2 mixed gently by inverting, this lysis step was allowed to proceed for 5 
minutes and terminated by addition of chilled buffer P3. The sample was mixed by 
inverting gently 4-6 times to avoid local precipitation and incubated on ice for 15 
minutes. The tube was centrifuged at 20 000 x g for 30 minutes at 4°C and the 
supernatant containing the plasmid DNA was removed promptly. The supernatant 
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was re-centrifuged under the same parameters to avoid applying suspended material 
to the Qiagen column. During this additional centrifugation step a Qiagen column 
was equilibrated with 4 ml of buffer QBT, the supernatant was applied to the 
column. Two washes of 10 ml buffer QC was then applied to the column and 
allowed to rinse through by gravity flow. The DNA within the column was eluted by 
5 ml of buffer QF. The DNA was precipitated by adding 3.5 ml of isopropanol and 
centrifuged at 15000 x g for 30 minutes at 4°C. The DNA pellet was washed with 
2ml of 70% ethanol and centrifuged at 5000 x g for 10 minutes. The supernatant 
was poured off and the pellet was air dried for 10 minutes before redissolving the 
DNA in 1 ml dH20, typically resulting in a concentration of 400-500 ng..ti'. 
2.6.7 Analysis of plasmid DNA quantity and quality 
A double restriction enzyme digest using the endonucleases Hind III and Barn H I 
confirmed the presence of a eDNA insert in the plasmid. These restriction enzymes 
were chosen as they cut only =T within the pBSK-II vector, either side of the Eco 
RV cloning site (see Fig. 2.11). The size of the cloned DNA fragment could be 
estimated by running the product of the enzyme digest on an agarose gel in parallel 
with a 3 Kb DNA ladder (discontinued product-Fermentas) (see Fig. 2.15). 
Comparisons between expected and actual size of the insert could be made at this 
point. Comparing with a size marker of known concentration can make an 
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Figure 2.15 Hind III and Barn H I double enzyme digest of the pBSK-II vector visualised by 
ethidum bromide florescence. The cut DNA fragment (500 bp) is the cloned LH $ subunit 
competitor. 
The plasmid was diluted 1:50 prior to spectrophotometric analysis at 26 nm and 
280 nm. The ratio between readings from the two wavelengths was determined and 
compared to pure ds DNA, which has a ratio of 1:5 (0D 260/0D280 ). Ratios from 
extracted ds DNA ranged from 1:2 to 1:9. The quantity of total DNA in a sample 
was determined by multiplying the 260 nm reading by 50 because an optical density 
(OD) reading of I corresponds to approximately 50 g.ml' pure DNA and by the 
dilution factor. 
(0D260 x 50 x 50) / 1000 = total ds DNA g.j.d 1 
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2.7 Sequencing of neuroendocrine cDNA sequences 
To check that the cloned cDNAs were the desired neuroendocrine genes each 
respective standard and competitor plasmid was sequenced. 
2.7.1 Sequencing reaction 
The Thermo Sequenase fluorescent labelled primer cycle sequencing kit with 7-
Deaza-dGTP (Amersham Biosciences) was used for sequencing reactions. The 
components from the kit, ACGT reagents reagents, were thawed on ice. A 96 well 
plate was marked in portrait orientation as illustrated in Figure 2.13. A master mix 
was made for each sequencing primer. 
Volume for each reaction 
1.5 l of lOOjiM IRD-700 or 800 labelled primer 
13.1 jtl dH20 
1.4 /Ll DMSO 
A 16 l aliquot of the master mix was added to each tube in the row labelled R, 
followed by 5 .d of a positive pre-sequencing PCR reaction. 1.5 itl of A, C, G, and T 
kit reagents was placed into each tube of the accordingly marked row. The 96 well 
plate was sealed and placed on a heating block running the following programme: 
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M13 forward primer: TGTAAAACGACGACGGCCAGT 
M13 reverse primer: CAGGAAACAGCTATGACC 
Sequencing reaction incubation 
Stage 1: (95°C 30 seconds) x 1 cycles 
Stage 2: (95°C 10 seconds; 58.8°C 30 seconds; 65°C 30 seconds) x 20 cycles 
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2.7.2 Li-cor automated DNA sequencer (MWG-Biotech) 
The Li-Cor protocol was used for sequencing gel electrophoresis and data 
collection. 41 cm sequencing plates were routinely used to sequence cloned DNA 
fragments. 
Composition of sequencing gel for 41 cm sequencing plates 
7.5 ml Rapid Gel XL solution 40% 
21 gTJIREA 
5 ml i OX TBE long run buffer 
28 ml dH2O 
TBE long run buffer 
162 g tris base 
27.5 g boric acid 
9.3 gEDTA 
made up to 1 litre with dH 20 
The solution was placed on a magnetic stirrer with a magnetic stirring bar placed 
inside the mixing vessel and mixed for 1-2 hours. During mixing the 41 cm plates 
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the plates were used for the first time or were very dirty an additional rinsing step 
was carried out. This step involved one extensive rinse of the following: 1 M HC1 
acid, 1 M NaOH and again with 1 M HC1. The plates were placed together and held 
with appropriately sized spacers and rails. The plates were then placed in a 
horizontal position and raised at the end that the gel was to be applied. The 
following chemicals were then added to sequencing mix: 
350 j.d 0.1 M fresh ammonium persuiphate 
500 /.L1 DMSO 
50 Al TEMED 
On addition of the final components to the mixture the gel was transferred to a 
syringe and poured immediately to avoid premature polymerisation. Gentle tapping 
facilitated the movement of the gel through the plates. The well former and casting 
plate was added and the gel was allowed to polymerise for at least 2 hours. 
Prior to loading the sequencing reactions, the gel was transferred to the Li-cor 
DNA sequencer and incubated at 45°C for 30 minutes. Any urea that had 
accumulated in the wells was washed out with a Pasteur pipette. 4 Al of loading dye 
(formamide, EDTA and fuchsin), supplied with the sequencing kit, was added to 
each sample well i.e. A, C, 0 and T and heated at 65°C for 10 minutes. The samples 
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(Hamilton, Bonaduz, Switerland) under illumination from a desk lamp. The gel was 
typically run overnight with the following conditions: 1500 V, 35mA, 40 W, 45°C. 
2.7.3 Analysis of DNA sequences 
The Li-cor software Baselmage I R 4.Ov was used for analysing the digital image of 
the sequencing gel. The single lane automatic reader was used to delineate each lane 
and then double checked and corrected where appropriate. The sequence was then 
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Figure 2.14 Analysis of DNA sequences. Sequences produced on the Li-cor are analysed 
on GCG. Sequences are Blasted on the NCBI database for a sequence match. 
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2.8 Sequences of cloned neuroendocrine genes used as standards for 
QC RT-PCR assays 
2.8.1 Common a-subunit 
TAAAACGACG GCCAGTGAGC GCGCGTAATA CGACTCACTA TAGGGCGAAT 
Kpn I 	 Sal I 	 Hind III 
TGGGTACCGG GCCCCCCCTC GAGGTCGACG GTATCGATAA GCTTGAT 
1 ATTGAACAAG GGAGAAAGAT CATGGATTGC TACAGGAAGT ATGCAGCTGT 
51 CACTTTGACC ATTTTGTCTG TGTTTCTGCA TCTTCTTCAT ACTTTCCCAG 
BpI I 
vp 
101 ATGGAGAATT TCTCATGCAG GGTTGTCCAG AGTGCAAGCT AGGGGAGAAC 
151 AGGTTCTTTT CAAAACCAGG AGCCCCCATT TACCAGTGCA CTGGGTGCTG 
201 TTTCTCCCGG GCCTATCCTA CTCCAATGAG ATCCAAGAAG ACCATGCTTG 
251 TTCCAAAGAA CATTACATCG GAGCAACGT GCTGTGTAGC AAAGGCTTTC 
AR I 
301 ACCAAGATTA CCCTTAAGGA CAATGTGAAG ATAGAGAACC ACACAGACTG 
351 TCACTGCAGT ACCTGCTACT ATCATAAATC TTAAAGCCTG TCCCTTTGCT 
401 AATGATCAAG AACAACGGTG ATGAAATAT TTGTTGTTCA GCTTTTACAG 
451 CACCGCTGTG TATAATCTTG TGTTTTCTGG TCAAGACACC GAGTAGACTT 
501 TTGAATGAGA TGGATGGCTG TT 
Eco RI 	 Srna I 	 Not I 	Sac I 
ATCGA ATTCCTGCAG CCCGGGGGAT CACTAGTTCT AGAGCGGCCG CCACCGCGGT 
GGAGCTCCAC 
Figure 2.15 Sequence of cloned a-subunit cDNA (5'-3') showing restriction site of 
endonuleases used to produce competitor plasmid and part of the MCS of pBSK-11 (see 
section 2.9) 
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2.8.2 FSH/3 subunit 
TAAAACGACG GCCAGTGAGC GCGCGTA4TA CGACTCACTA TAGGGCGAAT 
Kpn I 	 Sal I 	 Hind III 
TGGGTACCGG GCCCCCCCTC GAGGTCGACG GTATCGATAA GCTTGAT 
1 TGCTGGAAAG CAATCTGTTG CTATAGCTGT GAACTCACCA ATATTACTAT 
Pm!l 
51 AGCAGTGGAA AGAGAAGAAT GTGAACTCTG CATTACAGTG AATGCCACGT 
101 GGTGCTCAGG ATACTGCTTC ACAAGGGATC CAGTATACAA ATATCCACCA 
151 GTCTCATCTG TTCAGCAAAT ATGTACCTTC AAGGAGGTTG TGTATGWC 
201 AGTGAAGATC CCTGGCTGCG GTGACCATCC TGAATCTTTT TACTCATACC 
Bsg I 
251 CAGTAGCTAC AGAGTGCCAC TGTGAGACCT GTGACACTGA TAGCACTGAC 
301 TGCACTGTGA GAGGACTGGG GCCATCCTAC TGCTCCTTCA GT 
Eco RI 	 Sma I 	 Not I 	Sac I 
ATCGA ATTCCTGCAG CCCGGGGGAT CACTAGTTCT AGAGCGGCCG CCACCGCGGT 
GGAGCTCCAG 
Figure 2.16 Sequence of cloned FSHB cDNA (5'-3') showing restriction site of endonuleases 
used to produce competitor plasmid and part of the MCS of pBSK-II (see section 2.9) 
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2.8.3 LH/1 subunit 
TAAAACGACG GCCAGTGAGC GCGCGTAATA CGACTCACTA TAGCGCGAAT 
Kpn I 	 Sal I 	 Hind III 
TGGGTACCGG GCCCCCCCTC GAGGTCGACG GTATCGATAA GCTTGAT 
Pflm I 
1 ACGGTGGCGG TGGAGAAGGA 
51 CACGGCCTGC GGGGGGTACT 
101 CTTTGGGCCC CCCCCCCCAG 
151 GAGCGTTGGG CGCTGTGGGG 
201 CCTCCCCGTG GCTCTGAGCT 
CGGATGCCCC CAATGTATGG CTGTGACCAC 
GCAGGACGCG GGAGCCGGTG TATCGCAGCC 
TCGGCGTGCA CTTATGGGGC GCTGCGCTAC 
CTGCCCCATA GGGAGCGACC CCCGCGTCCT 
GCCGCTGCGC CCGCTGCCC 
EcoR I Pst I 	Sma I 	 Not I 	Sac I 
ATCGA ATTCCTGCAG CCCGGGGGAT CACTAGTTCT AGAGCGGCCG CCACCGCGGT 
GGAGCTCCAG 
Figure 2.17 Sequence of cloned LHP cDNA (5'-3') showing restriction site of endonulease 
used to produce competitor plasmid and part of the MCS of pBSK-II (see section 2.9) 
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2.8.4 Activin /38  subunit 
TAAAACGACG GCCAGTGAGC GCGCGTAATA CGACTCACTA TAGGGCGAAT 
Kpn I 	 Sal I 	 Hind III 
TGGGTACCGG GCCCCCCCTC GAGGTCGACG GTATCGATAA GCTTGAT 
1 TCTGTTTGAG AGAGGAGAAA GGAGACTGAA CTTGGATGTT CAATGTGAGG 
51 GCTGTGAAGA GTATTCAGTG CTGCCAATTT ATGTGGACCC CGGGGAGGAA 
101 TCCCACCGGC CTTTTTTAGT GGTGCAAGCC CGCCTCGCTG ATAACAAACA 
Stu I 
'V 
151 CAGGATCCGG AAAAGAGGCC TGGAGTGCGA TGGCAGGACC AATCTATGTT 
201 GCAGGCAACA GTTTTACATT GACTTTAGAC TCATTGGGTG GAATGACTGG 
251 ATCATAGCAC CATCAGGTTA CTATGGGAAT TACTGTGAAG GGAGCTGCCC 
301 GGCCTACTTG GCTGGCGTCC CGGGGTCGGC TTCCTCCTTT CACACCGCCG 
351 TCGTGAATCA GTACCGAATG CGGGGGCTGA ACCCGGGCAC CGTGAACTCC 
401 TGTTGCATTc CAACCAAACT TAGCACAATG 
Eco RI Pst I 	Sma 1 	 Not I 	Sac I 
ATCGA ATTCCTGCAG CCCGGGGGAT CACTAGTTCT AGAGCGGCCG CCACCGCGGT 
GGAGCTCCAG 
Figure 2.18 Sequence of cloned activin PB cDNA (5'-3') showing restiction site of 
endonulease used to produce competitor plasmid and part of the MCS of pBSK-II (see 
section 2.9) 
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2.8.5 Follistatin 
TAAAACGACG GCCAGTGAGC GCGCGTAATA CGACTCACTA TAGGGCGAAT 
Kpn I 	 Sal I 	 Hind III 
TGGGTACCGG GCCCCCCCTC GAGGTCGACG GTATCGATAA GCTTGAT 
1 CCGGATTGCT CTAATATCAC TTGGAAGGGC CCCGTGTGTG GCTTAGATGG 
51 GAAAACCTAC AGGAACGAGT GTGCCCTTCT CAAAGCCAGA TGTAAAGAAC 
101 AGCCCGAACT TGAAGTCCAA TATCAGGGCA AGTGCAAAAA GACCTGTAGG 
Xcm I 
151 GATGTTTTAT GCCCAGGCAG CTCCACGTGT GTGGTGGATC AAACTAATAA 
201 CGCCTACTGT GTGACATGTA ATCGAATTTG CCCTGAGCCT ACCTCCCCTG 
251 AGCAGTATCT CTGTGGGAAT GATGGCATAA CTTACGCCAG TGCCTGCCAC 
301 CTGAGPAAG CGACCTGCCT GCTGGGCAGA TCCATTGGAT TAGCCTACGA 
351 GGGAAAATGC ATCAAAGCGA AGTCCTGTGA AGATATTCAG TGCAGTGCTG 
401 GGPAGAAATG CTTGTGGGAT TTTAAGGTTG GCAG 
Eco RI Pst I 	Sma I 	 Not I 	Sac I 
ATCGA ATTCCTGCAG CCCGGGGGAT CACTAGTTCT AGAGCGGCCG CCACCGCGGT 
GGAGCTCCAG 
Figure 2.19 Sequence of cloned follistatin cDNA (5'-3') showing restriction site of 
endonulease used to produce competitor plasmid and part of the MCS of pBSK-11 (see 
section 2.9) 
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2.8.6 GnIH 
TAAAACGACG GCCAGTGAGC GCGCGTAATA CGACTCACTA TAGGGCGAAT 
Kpn I 	 Sal I 	 Hind III 
TGGGTACCGG GCCCCCCCTC GAGCTCGACG GTATCGATAA GCTTGAT 
1 	TGGkAAG CAGAGAAGAT GATGATGATA AATATTATGA GACTAGAC 
51 AGTATCTTGG AGGAAAAGCA GAGGAGTCTG AATTTTGAAG AAATGAAAGA 
101 CTGGGGATCA AAAAATTTCA TGAAAGTGAA CACCCCTACA GTAkACAAAG 
151 TGCCAAATTC AGTTGCTAAT TTGCCTCTTA GATTTGGAAG AAGCAATCCA 
201 GAAGAAAGAA GCATTAAGCC AAGTGCTTAT TTGCCTCTGA GATTTGGAAG 
251 AGCTTTTGGA GAGAGCCTCT CTAGGCGTGC TCCAATCTA TCAAACAGGT 
Bg! II 
301 CTGGGAGATC TCCACTTGCT AGAAGTTCTA TTCAGTCCCT TCTAAATCTG 
351 TCACAGAGAT TTGGGAAGTC AGTGCCCATC AGTCTATCTC AAGGTGTCCA 
401 GGAATCTGAA CCAGGGATGT GAATTCTAAC AATTACATTC AAGTTATCAA 
451 GTTATGAAGA TGGAAACCGA AAGACCCAGA AAAGATGCAC CGTGTATTCA 
501 AAACTAAAGA TCTTGAGAAG GGAATGTATA TGAGAACTGA AATGCAAACC 
551 TGTGT 
Eco RI 	 Srna I 	 Not I 	Sac I 
ATCGA ATTCCTGCAG CCCGGGGGAT CACTAGTTCT AGAGCGGCCG CCACCGCGGT 
GGAGCTCCAG 
Figure 2.20 Sequence of cloned GnIH cDNA (5-3') showing restriction site of endonulease 
used to produce competitor plasmid and part of the MCS of pBSK-ll (see section 2.9) 
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2.9 Construction of competitor plasm ids for QC RT-PCR assays 
The specific cloned standard plasmid for each QC RT-PCR assay provides the 
bases for competitor production. Two strategies can be employed to develop a 
competitor plasmid for QC RT-PCR, the cloned standard gene sequence can either be 
shortened by sequence specific endonucleases or lengthened by insertion of a foreign 
fragment of DNA. Inserting a fragment of foreign DNA into the cloned standard 
cDNAs created competitor plasmids for LHj3, activin 13B, follistatin and GnIH. The 
foreign DNA was a .174 bp fragment of a pBSK-II vector backbone produced by a 
Hae Ill digestion (Roche Diagnostics Ltd, East Sussex, UK) (Fig 2.21). The foreign 
DNA was subcloned into the standard cDNA sequences while retaining primer 
specific sequences at the 5' and 3' ends to allow PCR amplification. The LH 0 
standard was cut by PflM I (New England Biolabs, Hitchin, Hertfordshire, UK), 
GnIH was cut using BgI II (Roche Diagnostics), activin OB was cut by Stu I (Roche 
Diagnostics), and follistatin was cut with Xcrn I (Roche Diagnostics). All restriction 
enzymes cut once within the cloned sequence and did not cut within the pBSK-11+ 
vector. 
951 	 GGCCAACG 
1001 CGCGGGGAGA GGCGGTTTGC GTATTGGGCG CTCTTCCGCT TCCTCGCTCA 
1051 CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC 
1101 TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA 
1151 GAACATGTGA GCAAAAGGCc 
Figure 2.21 Sequence of 174 bp fragment of pBSK-II (5'-3') cut by Hae III digest and 
inserted as foreign DNA into LH8, activin $, follistatin and GnIH standards to create 
competitors. = Hae III restriction site. 
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The common a subunit competitor was constructed using a Bpi I (New England 
Biolabs) and Afi II (New England Biolabs) double enzyme digest of the cloned alpha 
standard (Fig 2.22). Both endonucleases cut once within the standard sequence to 
produce a competitor fragment of 335 bp after blunt ending and re-ligation. The 
FSH fi competitor was constructed by digestion with Pm! I (Roche Diagnostics Ltd, 
East Sussex, UK) and Bsg I (Roche Diagnostics Ltd, East Sussex, UK) followed by 
blunt ending and religation. 
3 k 	1 2 	3 






Figure 2.22 Restriction enzyme digest of common alpha subunit standard plasmid for 
competitor construction run on a 1.0% ultra-pure agarose gel. 
2.10 Studies in vitro 
Freshly dissected pituitary glands were pooled into chilled phosphate buffered saline 
(PBS). The pituitaries were collectively diced into fragments and distributed 
randomly into the wells of a 12 or 24 well cell culture plates (Coming Costa). Each 
well contained 2-3 pituitary fragments, lml DMEM culture medium with phenol red 
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(Invitrogen Life Technologies) supplemented with 3.75% foetal calf serum (FCS), 
6% horse serum (HS) and antibiotics: 100u.mF 1 streptomycin and 100.tg.mF' 
penicillin. The cells were incubated at 37°C with gentle shaking (60 rpm/minute) on 
a revolving platform. Test substances were distributed in a latin square design. 
Pituitary cell fragments were chosen over dispersed pituitary cells as the role of 
autocrine/paracrine factors controlling gonadotrophin function was of interest. It is 
likely that the dispersion process could alter the activity of such factors in vitro 
(Halvorson et al., 1994). The use of pituitary fragments raises the need to quantify 
the amount of cells within each well in order to standardise between samples, the 
isometric density value of the 18s ribosomal RNA was chosen as a standardising 
factor. The 18s rRNA in each lane was quantified using gel plotting macros in the 
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Figure 2.23 Quantification of lBs rRNA from pituitary fragments. 
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2.11 Statistical analyses 
All graphs were drawn in Sigma Plot 8.0 for windows (SPSS UK Ltd.). All 
analyses were carried out using Genstat 6 edition (VSN International Ltd, Oxford) or 
Minitab (Minitab® Release 14.13). Differences between experimental groups were 
considered significant at p< 0.05. Plasma LH and FSH and neuroendocrine mRNA 
data was routinely log transformed to normalise variance. Where possible data was 
analysed by two way ANOVA using treatment/group and time/plate position (for 
studies in vitro) as factors in the analysis and bird as a block in time course studies in 
vivo. One way ANOVA was used when two way ANOVA was not appropriate. 
Where ANOVA revealed statistical significance between groups post hoc analysis 
was by least significant difference or unpaired t test to reveal differences between 
means. Regression analyses were done using least-square regression analysis with 
the proportion of variance explained by the model and the significance values of the 
fit (r2  and p values). Further information concerning specific statistical analyses of 
data is described in each chapter in the appropriate figure legend. 
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CHAPTER 3. Changes in the hypothalamic-
pituitary-ovarian axis of Cobb broiler breeder hens 
during a laying year 
3.1 Introduction 
As the domestic hen becomes older, egg production progressively decreases and 
this loss of reproductive function is particularly pronounced in broiler breeder hens 
kept to produce chickens for meat consumption. Egg production is highest in broiler 
breeders at 5-7 months of age (Robinson etal., 1993; Sharp et al., 1992). The 
subsequent decrease in egg laying is associated with a reduced recruitment of ovarian 
follicles into the yellow-yolky follicular hierarchy (Palmer and Bahr, 1992; 
Waddington et al., 1985), decreased plasma and pituitary LH and decreased LH 
responsiveness to chGnRH-I (Sharp et al., 1992). Decreased plasma LH in old 
laying hens is not associated with reduced hypothalamic chGnRH-I peptide (Sharp et 
al., 1992). Similarly, decreased plasma LH in incubating hens with regressed ovaries 
is not associated with decreased chGnRH-I peptide but is associated with decreased 
hypothalamic chGnRH-I mRNA (Dunn et al., 1996), which suggests that the 
decrease in reproductive function in old laying hens could be mediated by a 
reduction in chGnRH-I mRNA transcription and/or stability. A change in chGnRH-I 
release during ageing is likely to affect LH and FSH secretion in different ways 
since, in rats, mGnRH-I directly stimulates LH$ mRNA synthesis and LH release 
(Kartun and Schwartz, 1987, Culler and Negro-Vilar, 1987, Shupnik, 1990) while it 
controls FSH secretion by regulation of follistatin and activin 13B mRNAs to alter the 
ratios of the encoding proteins (Besecke etal., 1996, Dalkin etal., 1999; Burger et 
al., 2002). 
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The discovery of a putative avian gonadotrophin inhibitory hormone (GnJH, Tsutsui 
et al., 2000) presents a new possibility that reduced plasma LH in ageing laying hens 
could be a consequence of increased Gnffl release. 
Nothing is known in the domestic hen about the relationship between reproductive 
neuroendocrine gene expression and naturally reduced or terminated egg laying in 
the domestic hen. In Japanese quail, testicular regression induced by food 
withdrawal or transfer from long to short days is associated with decreased common 
a-subunit mRNA (Kobayashi et al., 2002, Kobayashi et al., 2004) and decreased 
plasma LH (Kobayashi et al., 2004). Food withdrawal also results in decreased 
pituitary LH3 and FSHj3 subunit mRNAs (Kobayashi et al., 2002). Both the LHj3 
and common a-subunit mRNAs are likely to be regulated by an inhibitory action of 
oestrogen since in the chicken these mRNAs are increased after ovariectomy, while 
ovariectomy and oestrogen replacement prevents this increase in gonadotrophin 
mRNAs (Terada et al., 1997). 
The objective of the research presented in this chapter was twofold, firstly to 
establish the percentage of non-laying hens in a commercial flock of old (60 weeks) 
broiler breeders and, secondly, to test the hypothesis that an age-related decline in 
ovarian function is due, at least in part, to a reduction in hypothalamic chGnRH-I 
mRNA and/or an increase in GnIH mRNA. To this end, in broiler breeder hens 
during reproductive ageing, the relationship between plasma LH, FSH and 
hypothalamic chGnRH-I and GnIH mRNAs and pituitary gonadotrophin subunits 
and follistatin and activin OB mRNAs were investigated. 
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3.2 Body, pituitary, oviduct weights and ovarian morphology 
Hens were obtained from a flock of young pedigree broiler breeders (Cobb 
Vantress) at peak-of-lay at 30 weeks of age and from a flock of old hens of the same 
breed at 60 weeks of age. The birds were reared and maintained on a commercial 
restricted feeding programme, as recommended by Cobb Vantress, to maximize egg 
laying and were held on 16 hours light and 8 hours dark in floor pens. The hens in 
both flocks started laying at 22-24 weeks of age. 
In order to determine the effect of reproductive ageing on the distribution of yellow 
yolky follicles (YYFs) greater than 8mm in the ovary and the proportion of hens out-
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Number of >8 mm yellow yolky follicles 
Figure 3.1 Comparison of the numbers of yellow yolky ovarian follicles greater than 8mm in 
diameter in a) young (30 weeks) and b) old (60 weeks) broiler breeder hens sampled from a 
commercial flock. 
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An analysis of the numbers of YYFs more than 8 mm diameter in 30 old hens 
selected at random within the sample flock showed that, compared with the young 
flock, there is a shift in the distribution of the numbers of YYFs greater than 8mm to 
a lower median, from 7 to 5 YYFs (Fig.3. 1). Of the 30 hens selected at random from 
the old flock, 4 (13%) were out-of-lay as indicated by the absence of YYFs greater 
then 8mm and regressed oviducts. No young hens selected at random were out-of-
lay (Fig 3.1). 
Observations on the relationship between plasma gonadotrophins and reproductive 
neuroendocrine mRNAs were made on the 15 hens taken from the young flock for 
the analysis of the distribution of YYFs and on 12 old laying and 15 out-of-lay hens 
selected from the old flock by palpation of the pelvic bones which are softer and 
more widely spread in laying than in out-of-lay hens. Reproductive condition was 
assessed by dissection: out-of-lay hens were characterized by the absence of 
hierarchical YYFs larger than 8mm diameter and regressed oviducts in out-of-lay 
hens (n=15) while laying hens were characterized by the presence of 5-7 YYFs in the 
ovaries and fully developed oviducts (n=12) (Fig 3.2). All 15 young hens randomly 
sampled had 5-9 YYFs in their ovaries. Oviduct and residual ovarian weights were 
recorded after removal of follicles larger than 8mm. Pituitary glands and whole 
hypothalami were dissected into lml of "RNA later" (Ambion, Huntingdon, 
Cambridgeshire, UK) before transport to the laboratory where they were stored at - 
80°C until RNA extraction. 
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Figure 3.2 Example of the appearance of ovaries in 60 week old hens from the same flock 
identified as being a). in lay and b). out-of-lay 
Body and pituitary weights were higher in old than in young laying hens, but were 
lower in old out-of-lay than in old laying hens selected for neuroendocrine mRNAs 
and plasma gonadotrophin measurements (Table 3.1). The mean number YYFs 
greater than 8 mm in diameter in the ovary of young laying hens was significantly 
higher than in old hens (Table 3.1). 
Residual ovary weight was the same in young and old laying hens but was greater 
than out-of-lay hens, and the oviducts of young laying hens were heavier than old 
laying hens (Table 3.1). 
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Table 3.1. Body, pituitary, ovary and oviduct weights and numbers of >8mm YYFs of young 
laying (30 weeks), old laying (60 weeks) and old out-of-lay (60 weeks) broiler breeder hens 
(means ± SEMI 
Young Laying 	 Old Laying 	 Old out-of-lay 
(n=15) (n=12) (n=15) 
Body weight (kg) 3.57 ± 0.05a 5.11 ± 0.19b 4.35 ± 0 . 14c 
Pituitary weight (mg) 9.70 ± 0.25'  11.87 ± 0.61e 9.67 ± 039d 
YYFs (>8 mm) 6.76 ± 0.26f 5.92 ± 0.239 0 
Residual ovary (g) 10.05 ± 0.62a 9.53 ± 0.74a 4.60 ± 
Oviduct (g) 	 65.40 ± 3.15a 	 41.42 ± 1.61 b 	 1.79 ± 0.31c 
Means within row followed by different superscripts are significantly different, a,b,c 	0.001, 
d,e 
p<0.05, by analysis of variance and least-significant differences using body weight as a 
co-variant. f,g are significantly different, p< 0.05, using unpaired f-test. YYFs, number of 
yellow yolky follicles in the ovary. 
3.3 Plasma LH and FSH 
Plasma LH was higher in young than in old birds, while there was no difference in 
plasma LH between old laying and out-of-lay hens (Fig 3.3). Plasma FSH was 
higher in young than in old laying hens, while plasma FSH in old out-of-lay hens 
was higher than in young or old laying birds (Fig 3.3). 
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Figure 3.3 Comparison of plasma LH and FSH in young laying (n=1 5), old laying (n12) and 
old out-of-lay (n=15) hens. Means ± SEM. For either hormone: a vs. b; p< 0.001, a vs. c; p< 
0.01, b vs. d; p<0.05. Statistical significance by unpaired t test if one way ANOVA revealed 
significant differences between means on log transformed data. 
3.4 Gonadotrophin subunits, activin PB and follistatin mRNAs 
Common a-subunit mRNA pituitary content was higher in young than in old laying 
hens, and was higher in old laying than in old out-of-lay hens (Fig 3.4a). After 
correction for age-related differences in pituitary weight, the concentration of 
common a-subunit mRNA was higher in young than in old laying hens but was not 
different between old laying and out-of-lay hens (Fig 3.4b). LHf3 subunit mRNA 
pituitary content did not differ between young and old laying hens (Fig 3.4a) but 
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concentration of pituitary LHO mRNA was higher in young than in old laying hens 
(Fig 3.4b). Both pituitary content and concentration of LHj3 mRNA were higher in 
old out-of-lay than in laying hens (Fig 3.4a, b). Pituitary FSH/3 subunit mRNA 
concentration and content did not differ between young and old laying hens but they 
were higher in old out-of-lay hens compared to laying hens (Fig 3.4a, b). 
a). Pituitary Content 
Common a (xlO -14 moles) 
LH p  (x1O-4 moles) 
FSH8(x10-13 moles) 
b). Pituitary Concentration 
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- 	 LH /3 (x10 15 moles) 
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Figure 3.4 Comparison of a) pituitary content and b) pituitary concentrations of 
gonadotrophin subunit mRNAs in young laying (n=15), old laying (n=12) and old out-of-lay 
(n=15) hens. Means ± SEM. Different letters above bars, within each mRNA group, indicate 
a statistically significant difference between groups, p< 0.001, by least significant difference 
of one way ANOVA after logarithmic transformation of data. 
129 
Chapter 3 	 Reproductive Ageing 
Plasma FSH was correlated with pituitary FSH mRNA (Fig 3.5a) but not with cr-
subunit mRNA concentration (Fig 3.5b) while plasma LH was correlated with 
pituitary cr-subunit mRNA (Fig 3.5d) but not with LH3 mRNA concentration (Fig 
3.5c). Regression analysis showed that 52% of the variation in plasma LH was 
explained by the cr-subunit mRNA concentration. 
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Figure 3.5 Linear regression analysis of the relationship between plasma gonadotrophins 
and pituitary gonadotrophin subunit mRNA concentrations for all hens in the study. a) 
plasma FSH versus FSH fl mRNA, b) plasma FSH versus a mRNA, c) plasma LH versus 
LH fl mRNA and d). plasma LH plasma versus a mRNA. Data were log transformed; values 
for the coefficient of determination (the proportion of the variation explained by the fit) r 2 and 
probability values associated with the F test of the relationship between the fitted values for 
each regression analysis are shown. 
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Pituitary content and concentration of Activin OB mRNA did not change between 
young or old birds (Fig 3.6a, b) while pituitary follistatin mRNA content was higher 
in old out-of-lay than in young laying hens (Fig 3.6a). Correcting for differences in 
pituitary weight revealed follistatin mRNA was higher in old out-of-lay than old and 
young laying hens (Fig 3.6b). There was no difference between pituitary content or 
concentration of follistatin mRNA in old or young laying hens (Fig 3.6a, b). 
a). Pituitary Content 
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Figure 3.6 Comparison of a) pituitary content and b) pituitary concentrations of activin PB 
and follistatin mRNA in young laying (n=15), old laying (n=12) and old out-of-lay (n=15) 
hens. Means ± SEM. Different letters above bars, within each mRNA group, indicate a 
statistically significant difference between groups, p< 0.05, by least significant difference of 
one way ANOVA after logarithmic transformation of data. 
131 
Chapter 3 	 Reproductive Ageing 
3.5 Hypothalamic GnIH and GnRH-1 mRNAs 
There were no differences in hypothalamic chGnRH-I nor GnIH mRNAs between 
young and ageing hens irrespective of whether they were laying or out-of-lay (Fig 
3.7). 
12 fl.S.  
Hypothalamic 	 7  GnRH-1 mRNA (x1 0-16 moles) I 
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Figure 37 Comparison of amounts of hypothalamic GnRH-1 and GnlH mRNAs in young 
laying (n=15), old laying (n=12) and old out-of-lay (n15) hens. Means ± SEM. 
3.6 Discussion 
This study shows that reduced numbers of yellow yolky ovarian follicles, and by 
inference, reduced persistency of lay in ageing, laying hens is associated with 
reduced plasma LH and FSH. This reduction in plasma LH agrees with previous 
studies in ageing chicken (Sharp etal., 1992) and turkey hens (Guemene and 
Williams, 1999), but a reduction in plasma FSH in ageing laying hens has not been 
previously reported. It is therefore likely that reduced ovarian function in ageing 
hens is caused by a reduction in gonadotrophin secretion. The finding that 
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there were no differences in chGnRH-I and GnIH mRNAs between young and old 
laying hens suggests that changes in the synthesis of these neuropeptides are not the 
primary cause of decreased gonadotrophin secretion in old laying hens. 
The absence of a decrease in hypothalamic chGnRH-I mRNA in old laying hens is 
consistent with an earlier finding that hypothalamic GnRH-I peptide content does not 
decrease with decreased egg laying in ageing dwarf broilers (Sharp et al., 1992), 
although, in the incubating hen, decreased LH secretion is associated with decreased 
chGnRH-I mRNA but not chGnRH-I peptide (Dunn etal., 1996). The absence of a 
decrease in chGnRH-I mRNA in ageing broiler hens (Fig 3.7) provides no evidence 
for or against the hypothesis that changes in chGnRH-I release are responsible for 
decreased gonadotrophin secretion. This is supported by an observation in a 
mammalian GnRH cell line (GT1) where steady state levels of mGnRH-I niRNA do 
not correlate with mGnRH-I release (Pitts et al., 2001). 
In ageing female rats and women, mGnRH-I pulse frequency is reduced (Hall et 
al., 2000; Rubin and Bridges, 1989; Rossmanith et al., 1991) and a similar decrease 
in chGnRH-I pulse frequency may explain the changes in plasma FSH and LH in old 
out-of-lay hens. The observation that plasma FSH, but not LH increases in old out-
of-lay hens (Fig 3.3) is consistent with the finding that ovarian atrophy induced in 
hens by food deprivation is associated with increased plasma FSH but not LH 
(Lovell et al., 2000; Vanmontfort et al., 1994). Changes in GnRH-I pulse frequency 
with advancing age may also explain why ovarian regression was associated with 
increased plasma FSH but not LH. In mammals, a fast mGnRH-I pulse frequency 
preferentially stimulates LH release whereas a slow mGnRH-I pulse frequency 
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stimulates FSH release (Dalkin et al., 1989; Kaiser etal., 1997). In postmenopausal 
women reduced GnRH pulse frequency (Rossmanith et al., 1991) may explain why 
serum FSH levels are elevated (Rubin, 2000) while LH levels decrease (Matt et al., 
1998). The same mechanism may apply to ageing out-of-lay hens. In support of this 
view, exogenous chGnRH-I administration into out-of-lay turkey (Guemene and 
Williams, 1999) and chickens (Sharp etal., 1992; Sharp and Lea, 1981; Williams 
and Sharp, 1978) increases plasma LH concentrations. These findings demonstrate 
that the pituitary gland of an out-of-lay bird is able to respond to chGnRH-I and the 
observed reduction in LH secretion could be due to a reduction in chGnRH-I pulse 
frequency and/or amplitude. This leaves the question of why plasma FSH is not 
elevated in ageing laying hens. It is suggested that this may be a consequence of 
high circulating concentrations of plasma oestrogen, which exert a greater inhibitory 
effect on FSH than LH pituitary content (Dunn et al., 2003) resulting in FSH 
secretion being more sensitive to the inhibitory action of oestrogen than LH 
secretion. 
The present study shows that both pituitary content and concentration of FSH3 
subunit mRNA are higher in out-of-lay than in-lay hens (Fig 3.4a, b) and this may 
also be a consequence of reduced chGnRH-I pulse frequency and plasma oestrogen. 
The inhibitory effects of oestrogen on gonadotrophin secretion could be either at 
the level of the anterior pituitary or the hypothalamus. There is evidence in birds that 
the hypothalamus is a site of the inhibitory action of oestrogen on gonadotrophin 
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secretion, as demonstrated in adult male Japanese quail, when oestrogen treatment 
reduces basal release of GnRH-I from the hypothalamus in vitro (Li et al., 1994). 
Further, in the cockerel, hypothalamic chGnR}1-I peptide is increased by treatment 
with the anti oestrogen, tamoxifen (Rozenboim et al., 1993) while chGnRH-I peptide 
(Wilson et al., 1990) and chGnRH-I mRNA (Dunn and Sharp, 1999) is suppressed in 
juvenile birds after treatment with oestrogen. At the level of the anterior pituitary, in 
mammals, FSHI3 subunit gene transcription is highly sensitive to the inhibitory effect 
of oestrogen (Phillips et al., 1988; Miller and Miller, 1996) and this may be the case 
in the chicken since in the juvenile hen, pituitary FSH content is more responsive to 
the depressive action of oestrogen than is LH content (Dunn et al., 2003). The 
observation that LH3 mRNA was increased in out-of-lay compared to laying hens 
(Fig 3.4a, b) may also be ascribed to reduced circulating oestrogen, since oestrogen 
depresses avian LH3 mRNA in vivo (Terada et al., 1997). In out-of-lay birds a 
reduction in oestrogen may remove an inhibitory effect on LH3 mRNA. Therefore, 
the effect of oestrogen on LHj3 mRNA maybe direct, by effecting the transcripts 
stability or rate of transcription, or indirect, by reducing pituitary responsiveness to 
chGnRH-I through reduction of GnRH receptor concentration on gonadotrophs. In 
support of this view, oestrogen suppresses GnRH receptor mRNA in the cockerel 
(Sun et al., 2001). 
Due to a fall in chGnRH-I release and plasma oestrogen, a shift in the secretion of 
less acidic FSH isoforms in young broiler hens to more acidic FSH isoforms in old 
broiler hens is conceviable. FSH exists as a family of related isoforms that vary in 
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their charge, metabolic clearance rates, and in vitro biological activities (Ulloa-
Aguirre et al., 1995). For example, in mammals, FSH isoforms vary over the 
ovulatory cycle and during puberty (Padmanabhan et al., 1992; Wide and Bakos, 
1993). GnRH and oestrogen stimulate the secertion of less acidic FSH isoforms that, 
although having shorter half lives, have increased bioactivity (Ulloa-Aguirre et al., 
1995). This view is supported by the finding that in menopausal women the majority 
of circulating FSH is more acidic and glycosylated to a lesser extent than in cycling 
women (Anobile et al., 1998). Therefore, the FSH isoforms preferentially secreted 
from the old out-of-lay hen pituitary gland may not be as effective in causing ovarian 
development. 
The increase in pituitary FSH3 mRNA and plasma FSH in old out-of-lay hens may 
not only be due to decreasing oestrogen and chGnRH-I pulse frequency but also to a 
fall in circulating ovarian inhibin. The hierarchical YYF are a major source of 
ovarian inhibin in hens (Johnson, 1993), evidence for this comes from the inverse 
relationship between the presence of YYF and, therefore, inhibin and circulating 
FSH (Lovell et al., 2000; Vanmontfort et al., 1994; Johnson et al., 1993). In primary 
rat cultures inhibin reduces pituitary follistatin mRNA levels within 2 hours and by 
80% at 24 hours (Bilezikjian et al., 1996). Further, passive immunoneutralization of 
circulating inhibin in rats increases follistatin mRNA expression, but not activin /3B 
mRNA (Dalkin et al., 1998) and there is evidence that inhibin suppresses follistatin 
transcription (Prendergast et al., 2004). It is possible that the increase in pituitary 
follistatin and FSHj3 mRNA (Fig 3.6) and plasma FSH seen in old out-of-lay 
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hens is due to a fall in circulating ovarian inhibin. Due to a reduction in chGnRH-I 
release, as well as a reduction in plasma inhibin, pituitary activin B secretion may 
have increased, regardless of any change in activinj3 mRNA (Fig 3.6a, b). 
This study shows that FSHI3 mRNA is positively correlated with plasma FSH (Fig 
3.5a) and supports the view that avian FSH (Hattori et al., 1986), like mammalian 
FSH (Famworth, 1995) is in large part, constitutively released. Hattori and 
colleagues (1986) showed in quail that pituitary glands treated with hypothalamic 
extracts released more FSH than was initially present. Further, FSH but not LH 
secretion continued after the glands were collected and incubated in vitro while, in 
vivo, FSH and LH secretion is asynchronous in broiler breeder cockerels (Vizcarra et 
al., 2004). Similar observations have been reported in mammals (Kartun and 
Schwartz, 1987). These studies demonstrate that LH and FSH are differentially 
controlled and that LH secretion is more immediately dependant on the stimulatory 
action of GnRH-I than is FSH. This raises the possibility that an unidentified 
hypothalamic factor differentially controls FSH and LH secretion. The recently 
discovered avian hypothalamic RFamide gonadotrophin inhibitory hormone, GnIH 
(Tsutusi et al., 2000) is a potential candidate for this undiscovered factor in birds. 
An increase in GnIH mRNA in ageing laying hens might, therefore, explain the 
decrease in plasma LH and FSH. However, since there was no change in GnIH 
mRNA between young and old or laying and out-of-lay hens this seems unlikely. 
However, it is possible that an increase in GnIH secretion may occur in ageing hens 
independent of a change in GnIH mRNA. 
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A regression analysis of all data collected in the study showed that common a-
subunit (Fig 3.5d), but not LHj3 subunit mRNA (Fig 3.5c), was correlated with 
concentrations of plasma LH, explaining 52% of the variation in plasma LH. A 
direct relationship between common a-subunit mRNA and plasma LH has been 
observed previously in quail deprived of food (Kobayashi and Ishii, 2002) or after 
transfer from long to short days (Kobayashi et al., 2004). Further, exposure of 
cockerel pituitary fragments to pulses of chGnRH-I causes significant increases in 
LH secretion which is associated with an increase in common a-subunit mRNA but 
not LHI3 subunit mRNA (Foster et al., 1992; Marsden et al., 1994). 
In conclusion, this study demonstrates that the decline in reproductive performance 
in ageing laying broiler breeders is correlated with a decrease in both LH and FSH 
secretion. Observations on the relationship between plasma FSH and amounts of 
FSH3 subunit mRNA supports the view that FSH secretion is largely constitutive in 
birds. Interestingly, the expression of common a-subunit mRNA, rather than LHj3 
mRNA is associated with LH secretion, this raises the possibility that pituitary a-
subunit mRNA could be a rate limiting step in LH release in birds. The regressed 
ovary in old out-of-lay hens is associated with increased FSHI3 mRNA and FSH 
release which is ascribed to lifting inhibitory ovarian feedback, possibly oestrogen 
and/or inhibin. 
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CHAPTER 4. Effects of lifting food restriction on 
the broiler breeder hen reproductive axis 
4.1 Introduction 
Food restriction depresses LH and/or FSH secretion in mammals (Bronson, 1986; 
Sisk and Bronson, 1986; Foster et al., 1989; Landefeld et al., 1989, Bergendahi et 
al.,1991) and birds (Tanabe et al.,1981; La! etal., 1990; Lovell etal., 2000; 
Kobayashi and Ishii, 2002), although a depressive effect on FSH secretion is not 
always observed (Sisk and Bronson, 1986; Kobayashi and Ishii, 2002; Lovell et al., 
2000). This depression in LH and, less consistently, FSH secretion is associated with 
decreased pituitary gonadotrophin subunit mRNAs (Landefeld et al., 1989; 
Bergandahl et al., 1991; Kobayashi and Ishii, 2002) and decreased hypothalamic 
GriRH-I release (Berghandal et al., 199 1) rather than to a decreased responsiveness 
of anterior pituitary gland to GriRH-I (Foster et al.. 1989; Bruggerman et al  
Changes in GnRH-I release induced by changes in food intake are likely to affect LH 
and FSH secretion in different ways since GnRH-I controls LH secretion directly 
(Kartun and Schwartz, 1987; Culler and Negro-Vilar, 1987; Shupnik, 1990; Dalkin 
et al., 1989) while it controls FSH by differential control of activin OB and follistatin 
mRNAs to stimulate FSHj3 mRNA and constitutive release (Besecke et al., 1996, 
Dalkin et al., 1999, Burger etal., 2002). 
It has not been established in breeding animals, whether changes in food intake 
modulate GnRH-I release only at the level of the median eminence or whether there 
is an effect at the level of GnRH-I gene transcription or GnRH-I mRNA stability. 
A candidate providing a link between metabolic signals and the reproductive 
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system at the level of GnRH-I release is the neurotransmitter neuropeptide Y (NPY). 
The release of NPY secretion increases in response to food restriction in both 
mammals (Kaira et al., 199 1) and birds (Boswell et al., 1999) and could therefore 
decrease in response to increased food intake. Changes in GnRH-I and LH secretion 
associated with a change in food intake may be mediated by NPY neurones 
(McShane et al., 1993). A further link between nutrition and gonadotrophin 
secretion, at least in birds, could be provided by the recently identified avian 
RFamide peptide, gonadotrophin inhibitory hormone (GnIH) (Tsutsui et al., 2000). 
RFamides have been implicated as neurotransmitters involved in the control of 
feeding behaviour in a wide range of species, including coelenterates and molluscs as 
well as mammals (Dockray, 2004). 
The food restricted laying broiler provides a model to identify neuroendocrine 
factors controlling changes in reproductive function in a breeding animal in response 
to increased nutrition. The objective of the research presented in this chapter was to 
test the hypothesis that, in the food restricted laying broiler breeder hen, ad libitum 
feeding will increase the secretion of chGnRH-I at the level of the median eminence 
and/or increase chGnRH-I gene transcription or chGnRH-I mRNA stability. The 
possible increase in chGnRH-I neuronal activity could be mediated by altering 
hypothalamic NPY gene expression, resulting in altered pituitary gonadotrophin 
subunit, activin flB  and follistatin mRNAs and gonadotrophin secretion. This study 
aimed to test this hypothesis by measuring changes in hypothlamic GnRH-I, NPY 
and GnJH mRNAs and pituitary gonadotrophins, follistatin and activin 13B mRNAs in 
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35 week old laying, broiler breeder hens. These birds were ranked and randomised 
by body weight, 5-6 weeks after the onset of egg laying, and re-housed into 2 groups 
one week prior to the start of the experiment. Control hens were maintained on a 
restricted diet (energy 11.4 mJoules/kg) provided at 136 g /food/hen/day (n=6) or fed 
ad libitum (n=7) for 7 days. Food was restricted to around 50% of ad libitum intake 
(Hocking et al., 1993). 
4.2 Body, pituitary weight and ovarian morphology 
Seven days after lifting food restriction, body and oviduct weights and numbers of 
large rapidly maturing preovulatory (>8mm) yellow yolky ovarian follicles increased 
(Table 4. 1), while residual ovarian weight and the numbers of smaller 5-8mm 
ovarian follicles did not change (Table 4.1). Pituitary gland weight did not change 
although there was an increase after lifting food restriction that approached 
significance (Table 4.1). 
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Table 4.1. Body, pituitary, residual ovary and oviduct weight, number of yellow yolky follicles 
(YYF) >8 mm, number of 5-8 mm follicles in feed restricted and broiler breeder hens 
released from restriction for 7 days. (Means ± SEM). 
Feed Restricted 	ad libitum 	ANOVA 
(n=6) 	 (n=7) p value 
Body weight (kg) 4.24 ± 0.15 4.82 ± 0.15 0.04 
Pituitary weight (mg) 10.35 ± 3.35 13.85 ± 2.94 0.08 
No. YYF (>8 mm) 6.00 ± 0.26 8.85 ± 0.64 0.002 
No. follicles (5-8mm) 15.50 ± 2.00 13.85 ± 2.07 0.58 
Residual ovary weight (g) 7.48 ± 0.60 8.38 ± 0.96 0.40 
Oviduct weight (g) 62.42 ± 2.70 73.52 ± 2.97 0.02 
4.3 Plasma LH and FSH 
After 7 days of ad libitum feeding the pituitary gonadotrophins were differentially 
secreted with an increase in plasma LH and a decrease in FSH (Figure 4.1). 
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Food 	Ad libitum 
Restricted (7 days) 
Figure 4.1 Comparison of plasma LH and FSH in food restricted broiler breeder hens and 
hens in which food restriction was lifted for 7 days. Values are mean ± SEM. One-way 
ANOVA was performed on log transformed data. *p <0.05 compared to feed restricted hens. 
4.4 Gonadotrophin subunits, activin fIB and follistatin mRNAs 
At the level of the anterior pituitary gland, lifting food restriction for 7 days 
increased glycoprotein a-subunit and follistatin mRNAs, but did not affect FSHj3, 
LHI3 nor activin /3B mRNAs (Fig 4.2a, b). 
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Figure 4.2 Comparison of a). gonadotrophin subunit mRNAs and b). Follistatin and activin 
PB subunit mRNAs in food restricted and hens relieved from food restriction for 7 days. 
Values are mean ± SEM. One-way ANOVA was performed on log transformed data. *p 
<0.05; p <0.01, compared to food restricted hens. 
4.5 Hypothalamic NPY, GnRH-1 and GnIH mRNAs 
The increase in yellow yolky ovarian follicles observed in hens fed ad libitum was 
associated with an increase in hypothalamic chGnRl-J-I mRNA, but there was no 
change in GnIH nor NPY gene expression (Fig 4.3). 
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Food 	 Ad libitum 
Restricted (7 days) 
Figure 4.3 Comparison of hypothalamic mRNA expression of GnRH-1, GnIH and NPY in 
food restricted hens and hens in which food restriction was lifted for 7 days. Values are 
mean ± SEM. One-way ANOVA was performed on data. 0.001 compared with ad 
libitum hens. 
4.6 Discussion 
The increase in hypothalamic GnRH-I mRNA in laying food-restricted broiler 
breeder hens after 7 days of ad libitum feeding (Fig 4.3) contrasts with studies in 
sheep (McShane et al., 1993) and in male (Leonhardt et al., 1999) and female cycling 
rats (Nappi and Revist, 1997) where food restriction did not affect hypothalamic 
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mGnRH-I mRNA, but is consistent with another study on the male rat, suggesting 
that food restriction does depress hypothalamic mGnRH-I mRNA (Gruenewald and 
Matsumoto, 1993). The view that metabolic signals generated by changes in food 
intake may directly affect hypothalamic GnRH-I mRNA is supported by the 
observation that mGnRH-I mRNA increases in cultures of mouse hypothalamic 
neuronal cells after incubation with insulin and leptin, which are key hormones 
involved in metabolic signaling (Burcelin et al., 2003). It therefore concluded that 
the effects of changes in food intake on gonadotrophin secretion, mediated by the 
actions of metabolic signals on the GnRH pulse generator (I'Anson et al., 2000; 
Blache et al., 2003), may also involve direct effects on GnRH-I gene transcription or 
GnRH-I mRNA stability. 
The observation that NPY mRNA did not decrease after feeding ad libitum for 7 
days (Fig 4.3) was unexpected because juvenile broiler hens reared on a food 
restricted diet have more hypothalamic NPY mRNA than in control birds fed ad 
libitum (Boswell et al., 1999). However, it is possible that 7 days ad libitum feeding 
in the present study was not sufficient to allow NPY gene expression to attain its 
normal ad libitum-fed level. Although increased NPY peptide has been implicated in 
the control of pre-ovulatory release of LH and the onset of puberty in the chicken 
(Kuenzel and Fraley, 1995), the results of the present study do not support a role for 
NPY in mediating the stimulatory effect of ad libitum feeding of food-restricted 
broilers on GnRH-I mRNA. 
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The avian RFamide GnIH has been shown to inhibit LH secretion in vitro (Tsutsui 
et al., 2000). In the present study GrdH mRNA was not changed after 7 days of ad 
libitum feeding (Fig 4.3), it is concluded that decreased GnIH neuronal function is 
not a primary cause in increased gonadotrophin function. However, it cannot be 
ruled out that a change in Gnll{ secretion may occur independent of a change in 
GnIH mRNA. 
Observations in the rat and sheep suggest that supplementary nutrition results in a 
transitory increase in LH (Bronson, 1986; Sisk and Bronson 1986; Foster et al., 
1989) that may reflect an acute release of mGnRH-I from the median eminence. In 
the sheep this initial transitory increase in LH is followed after 2 days by a 
substantial increase in the frequency of LH discharges. Therefore, it is possible that, 
after re-feeding, the GnRH-I pulse generator is controlled primarily at the level of 
GnRH-I release, but secondarily by increased production of GnRH-I peptide 
mediated by an increase in GnRH-I mRNA. In support of this view in the chicken, 
chronic changes in gonadotrophin secretion are associated with changes in chGnRH-
I mRNA. For example, depressed plasma LH in incubating hens (Dunn et al., 1996) 
and in castrated cockerels treated with oestrogen for two weeks (Sun et al., 2001) is 
associated with decreased chGnRH-I mRNA, while conversely, in hens, increased 
plasma LH observed after 7 days photostimulaton is associated with increased 
chGnRH-I mRNA (Dunn and Sharp, 1999). 
The increase in chGnRH-I mRNA in broiler hens after ad libitum feeding for 7 
days may have affected the GnRH-I pulse generator (I'Anson et al., 2000; Blache et 
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al., 2003) by increasing GnRH-I synthesis that in turn, resulted in a change the 
pulsatile pattern of GnRH-I release. A change in the pulsatile pattern of GnRH-I 
release may explain the observed increase in plasma LII and decrease in plasma FSH 
(Fig 4.1). 
In mammals, a high pulse mGnRH-I frequency preferentially stimulates more LH 
than FSH production and release, while a low mGnRII-I pulse frequency 
preferentially stimulates more FSH than LII (Wildt et al., 1981; Kaiser etal., 1997; 
Jayes et al., 1997). It is therefore suggested in the present study, that ad libitum 
feeding for 7 days may have increased chGnRH-I pulse frequency that in turn, 
affected the secretion of gonadotrophins to increased plasma LII and decreased 
plasma FSH. This interpretation of the data is consistent with the stimulatory effects 
of increased mGriRH-i pulse  trequency on LH subunit mRNA and LII secretion in 
sheep and rats (Landefeld et al., 1989; Bergendahl et al., 1991). However, there was 
no evidence of an increase of LHfl mRNA associated with increased plasma LII in 
ad libitum hens, although pituitary a-subunit mRNA was elevated. This observation 
is consistent with the observation in the quail where plasma LH is highly correlated 
with a-subunit mRNA rather than LH3 subunit mRNA (Kobayashi and Ishii, 2002; 
Kobayashi et al., 2004). 
In hens, plasma FSH is inversely related to ovarian development since plasma FSH 
increases after induction of ovarian atrophy induced by food deprivation 
(Vanmontfort et al., 1994; Lovell et al., 2000) or with reduced ovarian function 
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associated with reproductive ageing (chapter 3). The decrease in plasma FSH, after 
feeding ad libitum for 7 days, is associated with increased ovarian development and 
is consistent with these earlier observations. However the decrease in plasma FSH 
after ad libitum feeding for 7days was not associated with a change in FSHj3 subunit 
mRNA (Fig 4.3). As in mammals (Farnworth, 1995), avian FSH is thought to be 
released constitutively (Hattori et al., 1986), and consequently, plasma FSH is 
predicted to be directly related to the rate of FSH synthesis and FSHO mRNA 
(chapter 3). The absence of a relationship between plasma FSH and FSH3 subunit 
mRNA in the present study may be related to the way in which FSH3 mRNA is 
regulated through interactions between the pusatile release of GnRH-I and pituitary 
follistatin and actvin 13B (Bilezikjian et al., 2004; Winters and Moore, 2004). In rats, 
the regulation of FSHI3 mRNA by mGnRH-I is mediated by a follistatin/activin 
paracrine loop within the anterior pituitary gland (Bilezikjian et al., 2004; Winters 
and Moore, 2004). This mechanism may also occur in the chicken since both 
follistatin and actvin /3B mRNAs were expressed in the anterior pituitary gland (Fig 
4.4). In the rat, fast pulses of mGnRH-I stimulate follistatin mRNA while slow pulse 
frequency suppresses follistatin mRNA and increases both activin /3B  and FSH3 
mIRNAs implying that follistatin attenuates the FSH response by bio-neutralising the 
effect of activin B in increasing FSH/3 mRNA and constitutive FSH release 
(Bilezikjian et al., 2004). When mGnRH-I release is increased in rats, follistatin 
mRNA is increased, for example in gonadectomised males (Kasier and Chin, 1993) 
and females during the preovulatory gonadotrophin surge (Halverson et al., 1994). 
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In contrast, in primates, follistatin is unaffected by castration and in vitro GnRH does 
not stimulate follistatin mRNA in primate pituitary cells (Winters and Moore, 2004). 
The present study supports the view that GnRH-I stimulates follistatin mRNA (Fig 
4.2b) since pituitary follistatin mRNA content increased after lifting food restriction 
for 7days (Fig 4.4a) associated with an increase in chGnRH-I mRNA. The 
expression of chicken activin 1313 mRNA pituitary content did not change (Fig 4.2b). 
The observations on follistatin and activin OB mRNAs in broiler breeder hens after 
feeding ad libitum for 7 days suggests that chGnRH-I regulates pituitary follistatin 
gene expression in the chicken as has been reported in the rat. It is therefore 
predicted that the increase in follistatin mRNA in broiler hens fed ad libitum for 7 
days should have depressed FSH secretion by increasing follistatin which in turn 
would bind to activin B protein to depress FSH3 mRNA and hence, FSH secretion. 
It is therefore uncertain why plasma FSH was depressed in the absence of a 
depression in FSHI3 mRNA, but it has been proposed that mGnRH-I induced 
increases in follistatin may serve to delay FSH13 niRNA responses rather than 
completely prevent them (Kirk et al., 1994). It may also be some other factors 
possibly associated with increased ovarian growth observed after 7 day ad libitum 
feeding, depresses FSH secretion independently of a change in pituitary FSH13 
mRNA. 
Secreted follicular ovarian factors most likely increase after lifting food restriction 
are oestrogen and inhibin. Plasma oestrogen is higher in laying broilers fed ad 
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libitum than fed a restricted diet (Bruggerman et al., 1998). In the juvenile female 
chicken, pituitary FSH content is more responsive to the depressive action of 
oestrogen than is LH content (Dunn et al., 2003) and consequently it is possible that 
decreased plasma FSH in laying broiler hens fed ad libitum for 7 days may have been 
a consequence of an inhibitory effect of oestrogen which is independent of a change 
in FSHfl mRNA. The increase in oviduct weight is an indication that serum levels of 
oestrogen in ad libitum hens have increased (Klandorfet al., 1992). It is also likely 
that the increase in ovarian development, which occurred after lifting food restriction 
for 7 days, resulted in an increase in plasma inhibin. This deduction is consistent 
with the observation that inhibin is produced by the largest yellow yolky ovarian 
follicles (Johnson, 1993) and is present in the circulation of laying hens (Lovell et 
al., 2001). However attempts to demonstrate, in the hen, that circulating inhibin 
regulates plasma FSH secretion are inconclusive (Lovell et al., 2001). Nonetheless, 
it is possible that during 7 days of ad libitum feeding plasma FSH levels increased, to 
facilitate the recruitment of additional follicles into the yellow yolky follicular 
hierarchy and the first release of stored chGnRH-I from the median eminence may 
have mediated this rise in FSH. As the ovary developed, during 7 days of ad libitum 
feeding, the increasing levels of oestrogen and inhibin may have inhibited FSH 
secretion by a negative feedback loop. This prediction is not mutually exclusive to a 
proposed effect on activin stimulated signalling as one mechanism by which inhibin 
may effect pituitary FSH secretion is by interrupting activin signalling (See chapter 
1; section 1.6). 
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In conclusion, this study provides evidence that acute ad libitum feeding for 7 days 
of chronically food-restricted laying broiler hens increases hypothalamic chGnRH-I 
mRNA which may be a consequence or cause of increased chGnRH-I release, 
resulting in increased pituitary gonadotrophin a-subunit and follistatin mRNAs. An 
increase in pituitary gonadotrophin a-subunit but not LH$ mRNA is associated with 
an increase in plasma LH raising the possibility that a-subunit biosynthesis, and not 
LHf3 subunit, is rate limiting LH secretion. The increase in pituitary follistatin 
mRNA content and decrease in pituitary activin 13B  mRNA concentration may 
explain the associated decrease in FSH secretion in spite of no associated depression 
in pituitary FSH3 mRNA. The depression in plasma FSH may also have been a 
consequence of increased secretion of ovarian hormones such as oestrogen and 






CHAPTER 5. Effects of inhibiting egg laying by 
inducing incubation behaviour on neuroendocrine 
mRNAs 
5.1 Introduction 
Ovarian regression and cessation of egg laying can be induced by manipulation of 
the environment. Two such manipulations are explored in this Thesis to induce 
ovarian regression: induction of incubation behaviour (this chapter) and transfer from 
long to short photoperiods (chapter 6). Such environmental manipulations make it 
possible to investigate changes in neuroendocrine function associated with ovarian 
regression, which may contribute to increasing understanding of the neuroendocrine 
mechanisms underlying reduced ovarian function in ageing broiler breeders. 
0 	 60mm 	120mm 
	 0 	 80mm 	120mm 
Figure 5.1. a. Laying and b. incubating hens provide a good model to further understand 
neuroendocrine mechanisms responsible for reduced ovarian function in adult hens 
153 
Chapter 5 	 Incubation behaviour 
Incubation behaviour is induced by tactile stimulation from eggs and by visual 
information provided by an adequate nest site (Sharp, 1988; personal observation). 
The onset of incubation behaviour is characterised by changes in behaviour and by 
regression of the ovary and oviduct (Fig 5. 1), cessation of egg laying, increased 
prolactin secretion and decreased LH and oestrogen secretion (Richard-Yris et al., 
1998; Sharp etal., 1988; Sharp etal., 1979), decreased hypothalamic GnRH-I 
mRNA (Dunn et al., 1996), and decreased LH3 subunit mRNA (Wong et al., 1992). 
The inhibitory effect of incubation behaviour on LH secretion has been ascribed to 
decreased hypothalamic chGnRH-I release rather than to a decreased responsiveness 
of the anterior pituitary gland (Sharp and Lea, 1981). If an incubating hen is 
deprived of its nest and eggs hypothalamic chGnRH-I mRNA and plasma LH 
increase (Dunn et al., 1996), circulating prolactin decreases (Richard-Yris et al., 
1998) and the ovary begins to develop, which facilities a return to lay (Sharp et al., 
1988). 
The objective of the research presented in this chapter was to test the hypothesis 
that incubation behaviour depresses both FSH and LH secretion by inhibiting 
chGnRH-I gene transcription or chGnRH-I mRNA stability, which, in turn, inhibits 
gonadotrophin subunit mRNAs. A further objective was to establish whether 
gonadotrophin inhibitory hormone (GnIH) mRNA increases in incubating hens and 
thereby provide an additional previously undescribed mechanism to inhibit 
constitutive gonadotrophin release. This study aimed to test these hypotheses 
determining whether correlating hypothalamic GnRH-I, and GnIH and pituitary 
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gonadotrophin subunit mRNAs were correlated with plasma LH and FSH in 
incubating and laying hens. 
5.2 Body, pituitary and ovary weights and ovarian morphology 
Laying hens were heavier than incubating hens (Table 5.1). In contrast, incubating 
hens had significantly heavier pituitary glands. Incubating hens had no yellow yolky 
follicles (YYF) >8mm in diameter while laying hens had 4-6 YYF. Residual ovary 
weights, recorded after removal of YYF larger than 8mm, were significantly higher 
in laying hens. 
Table 5.1 Body, pituitary and ovary weights of laying and incubating bantam hens (mean ± 
SEM). ANOVA performed on untransformed data. 
Incubating 	 Laying 	 ANOVA 
(n=5) (n=5) p value 
Body weight (kg) 	0.896 ± 0.05 
Pituitary weight (mg) 	7.84 ± 0.57 
YYF (<8 mm) 	 0 
Residual ovary (g) 	1.53 ± 0.09 
1.36 ± 0.06 <0.001 
6 ± 0.56 <0.05 
5.33± 0.34 n/a 
4.33±0.41 <0.001 
5.3 Plasma LH and FSH 
Circulating LH was significantly higher in laying than in hens which had been 
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Figure 5.2 Comparison of plasma LH and ESH in incubating and laying bantam hens. The 
hens had been incubating for more than a week. Values are mean ± SEM. n5. ANOVA 
performed on log transformed data. ***p<  0.001. 
The absence of a difference in plasma FSH might be related to the time elapsed 
since the onset of incubation. To test this hypothesis a comparison was made 
between plasma FSH in hens that had been incubating for 1-4 days with hens that 
had been incubating for 4-21 days. 
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a. 	1-4 days incubating 	b 
	















Figure 5.3 Comparison of plasma FSH in a) hens which had been incubating for a short 
period (<4 days) and laying hens, and b) in hens which had been incubating for a longer 
period (4-21 days) and laying hens. (n=8). Values are mean ± SEM. ANOVA performed on 
log transformed data. 
Although plasma FSH was higher in hens that had been incubating for 1-4 days 
than in laying hens, this did not reach statistical significance (3.4 ± 0.3 vs. 2.55 ± 0.4 
ng/ml, Fig 5.3a). Concentrations of plasma FSH in hens that had been incubating for 
4-21 days was not different from plasma laying hens (Fig 5.3b). 
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5.4 Effect of nest deprivation on plasma gonadotrophins in incubating 
hens 
Nest depriving incubating hens significantly increased plasma LH within 5.5 hours 
confirming a pervious observation (Sharp etal., 1988). Nest removal also causes an 
increase in plasma FSH in incubating hens but the increase was less rapid than LH 























0 	2 	4 	6 	8 	10 
Hours 
Figure 5.4 Changes in plasma LH and FSH in incubating hens after nest deprivation . n=6. 
*p<005 compared to plasma gonadotrophin at time zero. One way ANOVA and least 
significant difference performed on Log transformed data using bird as a block. 
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5.5 Gonadotrophin subunit mRNAs 
Pituitary concentration and content of common a and LH3 subunit mRNAs were 
lower in incubating than in laying hens (Fig. 5.5a-b). No significant difference in the 
amount of FSH 3 mRNA was observed between incubating and laying hens (Fig. 
5 .4a-b). 
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Figure 5.5 Comparison of a) pituitary content and b) pituitary concentrations of 
gonadotrophin subunit mRNAs in incubating (n=5) and laying (n=5) bantam hens. ANOVA 
was performed on log-transformed data. **p  <0.01,  ***p<  0.001 compared with laying hens. 
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5.6 Hypothalamic GnIH and GnRH-1 mRNAs 
Compared with laying hens, hypothalamic chGnRH-I mRNA was lower in 

















Incubating 	 Laying 
Figure 5.6 comparison of hypothalamic GnRH-1 and GnIH mRNAs in incubating and laying 
hens. Values are mean ± SEM. n=5. ANOVA was performed on log-transformed data. 
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A second set of hypothalami from laying (n=6) and incubating (n=6) hens were 
collected on a separate occasion and sent for GnIH peptide quantification in the 
laboratory of Prof Kazu Tsustui (University of Hiroshima). He found that the 
concentration of hypothalamic Gnll{ peptide was greater in incubating than in laying 
hens (0.394 ± 0.022 vs. 0.326 ± 0.021 ng/mg hypothalamus, p< 0.05) 
5.7 Effect of GnIH injections on plasma gonadotrophins in nest 
deprived hens 
The objective was to establish whether GnIH inhibits LH and FSH in vivo as was 
demonstrated in vitro in adult cockerels (chapter 7). The experiment used nest-
deprived incubating hens. Nest removal results in an increase in plasma LH (Sharp 
etal., 1988) and could be a consequence of reduced GnIH release which was 
predicted to be reversed by exogenous administration of GnIH. Quail GnIH, 
synthesised in the laboratory of Prof Kazu Tsutsui was dissolved in physiological 
saline and injected (100il) into the brachial veins of nest deprived incubating hens. 
The hens were given three injections of 50/Lg GnIHIkg body weight or saline vehicle 
at 5.5, 6.5 and 7.5 hours after nest deprivation. The dose of GnIH chosen was based 
on analogous experiments in the incubating hens using GnRH analogues, which 
suggested that injections of 50tg/kg GnRH stimulate gonadotrophin secretion (Sharp 
et al., 1986). This is similar to the dose of GnJH shown to be effective in depressing 
LH, in vivo, in the White Crowned sparrow (Osugi et al., 2004). Further, the 
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molecular weights of GnRH (1245) and GnIH (13 92) are similar and equivalent 
doses might be expected to exert a biological effect on LH secretion. Three 
injections of GnJIH were given at hourly intervals to cover the possibility that an 
inhibitory effect of the peptide on LH release may be secondary to a longer term 
inhibitory affect on synthesis. Blood samples (-1m1) were taken from a brachial 
vein before nest deprivation at 0 hours, and at 5.5, 6.5, 7.5 and 8.5 hours thereafter 
for LH and FSH assays. FSH was also measured since GnIIT inhibits FSH in vitro 
(chapter 7). GnIH or saline injections were given immediately after withdrawing 
blood samples at 5.5, 6.5 and 7.5h after nest deprivation. 
Three intravenous injections of 50j.tg GnIHIkg given at hourly intervals after nest 
deprivation of incubating hens for 5.5 hours failed to attenuate or block the increase 
in plasma LH (Fig 5.7b). Similarly, within the time frame of the experiment, GnIH 
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Figure 5.7 Lack of effect of Lv injections of GnIH (50pg/kg) on the increase in a). plasma 
FSH and b). LH induced in incubating hens by depriving them of their nests at time zero. 
Nest deprived hens were injected with saline or GnIH at the times () indicated. Values are 
mean ± SEM (n=5, hens). Repeated measures ANOVA performed on log-transformed data 
indicated a lack of effect between treatments. 
5.8 Effects in vitro of GnIH on gonadotrophin subunit mRNAs and 
gonadotrophin secretion using pituitary fragments from incubating and 
laying hens 
The objective was to determine whether short term in vitro exposure to GnIH 
depresses gonadotrophin subunit mRNAs and FSH and LH secretion in incubating 
and laying hens, as was observed in adult cockerels (chapter 8). Pituitary glands 
were dissected from eight laying and eight incubating hens. The ovarian condition of 
each bird was checked on dissection. Pituitaries were allocated to separate pools for 
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incubating and laying hens. The pituitaries were diced into fragments and randomly 
distributed into the wells of 24 well culture plate (Coming Costa, Amsterdam, 
Netherlands). Each well contained two pituitary fragments, imi DMEM culture 
medium with phenol red (Invitrogen Life Technologies, Paisley, UK) supplemented 
with 3.75% foetal calf serum (FCS), 6% horse serum (HS) and antibiotics: lOOu/ml 
streptomycin and 1 OO.tg/ml penicillin. The culture plates were placed in an airtight 
container, and after equilibration with 95% 02 and 5% CO2 transferred to an 
incubator maintained at 37 °C and shaken gently on an orbital platform (60 rev/mm.) 
for a 90 minute pre-incubation. The culture medium was then removed and lml of 
fresh medium was added to each well containing lxi 0 M quail GnIH peptide 
(courtesy of Prof. Kazu Tsutsui) or no peptide (control) in a Latin square design. 
The culture plates were re-equilibrated with 95% 02 and 5% CO2 and replaced in the 
orbital incubator for a 120 minute incubation. Pituitary fragments were harvested 
and snap frozen in liquid nitrogen and stored at —80°C before RNA extraction and 
culture media stored for LH and FSH quantification. 
Incubation of pituitary fragments from incubating and laying hens with GnIH had 
no effect on gonadotrophin subunit mRNAs (Fig 5.8a-c). Although LHj3 and a-
subunit mRNAs were lower in incubating than in laying pituitary fragments while 
FSHfl mRNA was not different confirming the previous experiment (Fig 5.5). There 
was no difference in LH or FSH released between control and GnIH treated pituitary 
fragments (Fig 5.8 d-e). LH release was lower from pituitary fragments from 
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incubating than from laying hens while there was no difference in FSH release (Fig 
5.8 d-e) confirming the previous experiment (Fig5.2). 
0 	 - 0.0 	 — - 	 pl — - 	[_J L_J 
Control 	GnIH 	 Control GnIH Control Gn1H 
Figure 5.8 Lack of 10,7M  GnIH effect on gonadotroph function in pituitary fragments from 
incubating and 0 laying bantam hens. Two way ANOVA was performed using incubating 
or laying hens and GnlH or control as factors. Data was log transformed. Different letters 
above bars indicate a statistically significant difference between factors, a vs. b, p<0.001; a 
vs. c, p<0.01. 
5.9 Effects in vitro of GnRH-I on gonadotrophin subunit mRNAs using 
pituitary fragments from incubating hens 
The objective was to investigate the effects of short term exposure to chicken 





hen pituitary glands (n=6) were diced into fragments and distributed into the wells of 
24 well culture plate (Coming Costa, Amsterdam, Netherlands). Each well 
contained two pituitary fragments and the pre-incubation was as described in section 
5.2.3. The culture medium was removed after the 90 minute pre-incubation and imi 
of fresh medium was added to each well containing GnRH-I peptide (Bachem, St 
Helens, UK) at 1 x 108,  1 x 10, lx 10 log M or no peptide (control) in a Latin 
square design. The culture plates were re-equilibrated with 95% 02 and 5% CO2 and 
replaced in the orbital incubator for a 120 minute incubation. Pituitary fragments 
were harvested and snap frozen in liquid nitrogen and stored at —80°C before RNA 
extraction. 
Incubation of pituitary fragments from incubating hens with a range of 
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Figure 5.9 Lack of effect of a 120 minute incubation of GnRH-I on FSHP and a-subunit 
mRNAs in incubating hen pituitary fragments. Data was log transformed. ANOVA was 
performed using treatment and position in culture plate as factors. 
5.10 Discussion 
The regression of the ovary (Table 5.1) and the cessation of egg production in 
incubating hens were associated with changes in reproductive neuroendocrine 
function. At the level of the hypothalamus, confirming observations by Dunn et al. 
(1996), inhibition of reproductive function induced by incubation behaviour was 
associated with a reduction in chGnRH-I mRNA (Fig 5.6). The increase in GnIH 
mRNA (Fig 5.6) has not been observed previously and appears to be translated since 
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GnIH peptide concentration is higher in the hypothalamus of incubating than laying 
hens. The increase in both GnIH mRNA and GnIH peptide indicates an increase in 
GnIH neuronal activity in the incubating hen that may be associated with an increase 
in GnIH release. 
The inverse relationship between hypothalamic chGnRH-I and GnIH mRNAs in 
incubating and laying hens was associated with depressed pituitary concentration and 
content of common a and LHj3 subunit mRNAs (Fig. 5.5a, b) and plasma LH (Fig. 
5.2) in the incubating hen, but not FSHj3 mRNA (Fig. 5.4a, b) or plasma FSH (Fig 
5.2 and 5.3). 
This cascade of neuroendocrine gene expression is consistent with a predicted (see 
section 5.1) increase in GnIH release into the hypophysial portal vasculature 
resulting in a depression in LH synthesis and constitutive release (chapter 8). 
However, there is no evidence in vivo (Fig 5.7) or in vitro (Fig 5.8) to suggest that 
GnIH suppresses pituitary gonadotroph function in the incubating hen. Repeated 
injections of GnIH failed to suppress the increase in plasma LH that occurs in 
incubating hens after nest deprivation (Fig. 5.7b). These observations contrast with a 
study in the White Crowned sparrow where an intravenous injection of GnTH 
transiently suppressed plasma LH after 2 but not 10 minutes, and an injection of 
1 000ng Gnll{ antagonised the stimulatory effect of 1 Ong GnRH on LH release 
(Osugi et al., 2004). The sampling procedure used in the present study would not 
have detected a transient depression in plasma LH after 2 minutes. The failure to 
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demonstrate a long term inhibitory effect of GnIH in vivo in nest deprived incubating 
hens (Fig.5.7b) may be explained by an inappropriate dose or timing of GnIH 
administration. Alternatively, it is possible that the quail GnIH used in the study, 
which differs from the predicted sequence of chicken GnIH by a conservative 
substitution of lysine by arginine at position three, may be inactive in the chicken. 
This is unlikely because quail and White Crowned sparrow GnIH are equally 
effective in depressing plasma LH in the White Crowned sparrow (Osugi et al., 
2004) and the predicted sequence of White Crowned sparrow GnIH 
(SIKPFSNLPLRF-NT{2) differs from quail GnIH at positions 5, 6 and 7 (Osugi et al., 
2004). It therefore appears that the key sequence needed for the depressive effect of 
GnIH on plasma LH is the terminal LPLRF-NH2, which is conserved in the chicken 
GnIH sequence. In support of this view, GnIH and related GnIIH peptides, as well as 
the mammalian and amphibian GnIH orthologues, which contain the LPLXF-NH 2 
motif, bind to the GnIH receptor with high affinity (Yin et al., 2005). On the other 
hand, LPLRF-OH or other amidated neuropeptides that lack the LPLXF motif, such 
as galanin and neuropeptide Y, fail to bind (Yin et al., 2005). For this reason it is 
predicted that quail GnIH should be biologically active in the hen. 
It is possible that GnIH secretion into the hypophysial portal vasculature is 
pulsatile as has been demonstrated for mGnRH-I and is required for continued 
pituitary gonadotrophin responsiveness (see section 1.3.3). Therefore, it is possible 
that the 120 minute exposure of GnIH to incubating and laying hen pituitary 
fragments may have caused gonadotroph desensitisation which 
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may explain the lack of GnJH effect on gonadotrophin mRNAs and gonadotrophin 
secretion (Fig 5.8). However, this is not consistent with the observation that 
exposure of cockerel pituitary fragments to GnIH for 120 minutes suppresses 
gonadotroph function (chapter 7). The fact that GnIH inhibits in vitro LH secretion 
in adult cockerels and male quail (Tsustui et al., 2000) but not in laying or incubating 
hen pituitary glands could be due to a sex difference in the mode of GnIH action. 
This is possible as, by analogy, the sex difference in anterior pituitary growth 
hormone (GH) release in rats is ascribed to the asyncronous release and differential 
control of GH-releasing hormone and somatostatin into the hypophyseal portal 
vasculature (Plotsky and Vale, 1985; Argente et al., 1991). Another reason for the 
absence of an effect of GnIH on gonadotroph function in the hen may be an 
inappropriate GnIH concentration (1 x 10 M) was used, although the same 
concentration significantly reduces LH secretion from male Japanese quail pituitary 
glands (Tsutsui et al., 2000) and cockerel pituitary fragments (chapter 7) in vitro. 
In the incubating hen, the increase in hypothalamic GnIH mRNA is also associated 
with a voluntary reduction in food intake (Zadwomy et al., 1988) resulting in a 
decrease in body weight (Table 5.1). Therefore, GnIH may play a role in 
modulating apeptite in incubating hens. This view is supported by the finding that 
RFamide peptides are involved in the control of feeding behaviour in a wide range of 
species, including coelenterates, molluscs and mammals (Dockray, 2004). Further, it 
is well established that neuropeptides, such as NPY, that control feeding also have 
effects on reproductive axis (Kuenzel and Fraley, 1995). Taken together there is a 
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potential role for avian GnIH in controlling feeding behaviour, which may interface 
with the reproductive axis. 
In contrast to an increase in GnIH neuronal function in incubating hens, chGnRH-I 
mRNA was reduced. This reduction in chGnRH-I mRNA is likely to result in 
reduced chGnRH-I release, although a reduction in GnRH-I peptide is not 
consistently seen in chickens (Burke et al., 1990; Dunn et al., 1996) and turkeys (El 
Halawani et al., 1993; Rozenboim et al., 1993; Millam etal., 1989). 
It has been suggested that decreased chGnRH-I neuronal activity in the incubating 
hen is a result either of increased prolactin or of a direct inhibitory neuronal input 
from the brood patch to chGnRH-I neurones (Sharp, 2004). A further mechanism is 
suggested by the observation in the house sparrow (Passer domesticus) that GnIH 
fibers come into close contact with, and may synapse on, chGnRH-I neurones and 
fibers. Consequently, Bentley et al. (2003) suggested that GnIH could be acting at 
the level of the hypothalamus to indirectly inhibit GnRH release as well as acting 
directly at the level of the pituitary gland. 
A decrease in chGnRH-I release into the hypophysial portal vasculature in 
incubating hens may adequately explain decreased plasma LH without evoking a role 
for GnIH. This view is supported by the finding that injections of chGnRH-I 
increase LH release in incubating hens (Sharp and Lea, 1981) and demonstrates that 
decreased plasma LH is not due to a loss of anterior pituitary responsiveness to 
chGnRH-I. Associated with a reduction in plasma LH in the incubating hen is a 
decrease in LHj3 subunit mRNA. The reduction in LHO subunit mRNA has also 
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been observed in the incubating turkey hen (Wong et al. 1992). The reduction in 
LH3 mRNA in the incubating hen could be ascribed to a reduction in GnRH-I release 
from the median eminence or due to an inhibitory effect of increased plasma 
prolactin at the level of the anterior pituitary gland as has been demonstrated in the 
turkey (You et al., 1995). A reduction in a-subunit mRNA in incubating hens has 
not been reported previously but is consistent with the observation in ageing broilers 
where ovarian regression is correlated with a decrease in a-subunit mRNA (chapter 
3). 
The finding that plasma FSH increases after 6.5 hours after nest deprivation in 
incubating hens (Fig 5.3) has not been reported previously. The rise in plasma FSH 
follows the more rapid increase in LH and supports the idea that, in birds, the 
secretion of gonadotrophins are differentially regulated (Hattori etal., 1986). A 
direct stimulatory effect on chGnRH-I followed secondarily by increased chGnRH-I 
gene transcription (Dunn et al., 1996) stimulates the release of stored pituitary LH 
while FSH secretion lags because of the time for chGnRH-I to stimulate FSHj3 
mRNA and constitutive FSH release (McNeilly etal., 2003). However, there was no 
change in FSHI3 mRNA (Fig 5.5) nor plasma FSH (Fig 5.2, 5.3) in incubating and 
laying hens. A possible reason for this is that the effect of chGnRH-I on FSH/3 
mRNA and plasma FSH in the nest-deprived hen is negated by increased oestrogen 
secretion from the reactivated ovary as laying is resumed. In support of this view, 
oestrogen has a greater inhibitory effect on FSH than LH. For example, pituitary 
FSH content is more sensitive to oestrogen than LB in both birds (Dunn et al., 2003) 
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and mammals (Miller et al., 1986). Taking into account a reduction in ovarian 
weight (Table 5.1) and plasma oestrogen in incubating hens (Bedrak etal., 198 1) it is 
possible that FSH3 mRNA and plasma FSH is not decreased in incubating hens 
because the reduction in stimulatory hypothalamic chGnRH-I is counterbalanced by 
a loss of the inhibitory feedback effect of ovarian oestrogen to the pituitary gland. A 
reduction in ovarian inhibin could also explain why plasma FSH or FSHO mRNA is 
not decreased in the incubating hen. There is an indication that plasma FSH 
increases during the first 4 days of incubation (Fig 5.3a) and this may be mediated by 
the regression of the ovary and a reduction in the secretion of ovarian hormones. 
However, in vitro chGnRH-I failed to increase FSHi3 or a-subunit mRNAs from 
cultured incubating hen pituitary fragments (Fig 5.9). A reason for this is could be 
that the gonadotrophs had become desensitised to chGnRH-I during the 120 minute 
incubation. This is possible as the internalisation rate of the chicken GnRH type I 
receptor is 12 fold more rapid than the human GnRH type I receptor (Pawson et al., 
1998) and this could be why a-subunit mRNA was not increased. The lack of a 
stimulatory chGnRH-I effect on gonadotrophin subunit mRNAs suggests that a 
pulsatile mode of chGnRH-I release is important in maintaining gonadotroph 
responsiveness. Furthermore, FSHj3 mRNA was lower in incubating hen pituitary 
fragments exposed to 1 x10 8 and 1 x 10 M compared to control values. Statistical 
analysis of 1 x 10-7  M GnRH-I exposure and control FSH3 values alone shows that 
this is almost significant (p=  0.057). This counterintuitive finding could be 
explained by an increase in chGnRH-I stimulated follistatin protein. In rats, high 
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pulse frequency or continuous mGnRH-I has major stimulatory effects on follistatin 
mRNA (Besecke et al., 1990). Follistatin has been implicated in the intrapituitary 
inhibition of FSHj3 mRNA (Attardi and Winters, 1993) and constitutive release 
presumably by its ability to neutralise activin protein (chapter 1, section 1.5; 
Bilezikijian et al., 1993a). 
In conclusion, this study provides evidence that induced ovarian regression and 
cessation of egg laying in the incubating hen is associated with decreased pituitary 
common a and LH3 mRNAs associated with decreased plasma LH. This cascade of 
reduced neuroendocrine gene expression is can be ascribed to a reduction in 
chGnRH-I and an increase in GnIH release into the hypophysial portal vasculature. 
The observation that FSHj3 mRNA and plasma FSH does not change between 
incubating and laying hens may be a consequence of reduced secretion of ovarian 
hormones such as oestrogen and inhibin from the regressed ovary of the incubating 
hen that negates the reduction in chGnRH-I release. 
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CHAPTER 6. Effects of inhibiting egg laying by 
decreasing daylength on reproductive 
neuroendocrine mRNAs 
6.1 Introduction 
The reproductive system in the domestic chicken is responsive to daylength (Dunn 
and Sharp, 1990) and ovarian regression and cessation of egg laying can be induced 
by reducing daylength (Sharp et al., 1992). An understanding of the neuroendocrine 
changes associated with photoinduced ovarian regression may contribute to 
increasing understanding of the neuroendocrine mechanisms underlying reduced 
ovarian function in ageing broiler breeders. 
The induction of ovarian regression in the chicken by reducing daylength depends, 
in part, on the duration of prior exposure to long days and age (Sharp et al., 1992; 
Dunn and Sharp, 1992). In the absence of baseline information on the inhibitory 
effects of reducing daylength on ovarian function in broiler breeders it was 
considered preferable to investigate the effect of short day inhibition on reproductive 
neuroendocrine function in female Japanese quail since much more information is 
available for this species (Follett and Pearce-Kelly, 1990). 
An increase in photoperiod results in increased hypothalamic GriRH-I niRNA in 
the chicken (Dunn and Sharp, 1999) and the quail (Baines, 2001) but, there is no 
information available on the effects of reducing photoperiod on GnRH-I mRNA. 
There is limited information on changes in gonadotrophin subunit gene expression 
associated with changes in photoperiod in birds. An increase in pituitary LH( 
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subunit mRNA is associated with photostimulation in male white-crowned sparrows 
(Kubokawa et al., 1994) while in male Japanese quail FSHj3 subunit mRNA pituitary 
content is higher during the breeding than the non-breeding season (Kikuchi et al., 
1998). Transfer of breeding male Japanese quail from long to short days results in a 
decrease in testicular weight and plasma LH and in a reduction in a-subunit mRNA 
with no change in LHj3 mRNA (Kobayashi et al., 2004). 
The objective of the research presented in this chapter was to investigate in 
Japanese quail the effects of photo-induced ovarian regression on reproductive 
neuroendocrine genes encoding hypothalamic quail (q)GnRH-I mRNA and pituitary 
gonadotrophin subunit mRNAs. The experiment was carried out as a collaborative 
study with a scientist visiting the laboratory (R. M. Karisson) and Drs T. Boswell and 
I. C. Dunn. 
It was hypothesised that transfer to short daylengths would inhibit the reproductive 
axis by suppressing gonadotrophin subunit mRNAs as a consequence of reduced 
qGnRH-I release and qGnRH-I mRNA. 
6.2 Experimental design 
Female Japanese quail were transferred from short days (8L: 16D) to long days 
(18L:6D) for 8 weeks to induce full ovarian development. The experimental design 
is summarised in Fig 6.1. Sixteen birds were transferred to short days (8L: 1 6D) for 5 
weeks (LSS) and eight of these birds were transferred back to 1 8L:6D for 3 days 
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(LSL). A further sixteen females were retained on long day lengths for 5 weeks, and 
eight of these females were transferred to short days for 1 week prior to the end of 
the experimental period (LLS). A group of eight control quail remained on a long 
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Figure 6.1 Experimental design used to investigate in female quail the effects of inducing 
ovarian regression by decreasing photoperiod and the expression of reproductive 
neuroendocrine genes. 
6.3 Body, pituitary weight and ovarian morphology 
After exposure to long days for 13 weeks, LLL females had the greatest ovarian 
weights and larger number of yellow yolky follicles (YYF) of all experimental 
groups. Compared with other groups in the experiment the LSS females transferred 
from long days to short days for five weeks had the smallest ovarian weight and no 
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YYF. The LLS group had the second heaviest ovaries, whereas the LSL group had 
the second lightest ovary. Follicle number reflected differences in ovarian weights 
between experimental groups. Body weight showed a positive correlation with 
ovarian weight (p <0.001, r2= 0.68). Pituitary gland weights were the same in all 
groups of birds irrespective of photoperiodic treatment. 
Table 6.1 Body, pituitary weight and ovarian morphology in female Japanese quail exposed 









Body (g) 	123.7 ± 2.5a 136.7 ± 5.4 b,c 130.9 ± 4.4a,c 145.5 ± 
Pituitary (mg) 1.3 ± 0.13a 1.7 ± 0.18a 1.8 ±0.12a 1.6 ± 0.07a 
Ovary (mg) 87.4 ± 154d 3780.3 ± 784.8e 800.3 ± 544 5589.6 ± 
YYF Follicles 0d 2.6 ± 0.3e 0.25 ± 02d 3.6 ± 0.1 
Means within row followed by different superscripts are significantly different by analysis of 
variance and least-significant differences, a vs. b, b vs. c; p< 0.01, d vs. e, d vs. f, e vs. f; p< 
0.001. YYF = Yellow Yolky Follicles. Raw data collected by R-M. Karlsson, I. C. Dunn and 
T. Boswell. 
6.4 Plasma LH and FSH 
Only plasma LH was measured since it was established that the Krishnan FSH 
radioimmunoassay (see chapter 2, section 2.4.3) did not cross react with quail plasma 
FSH (Fig 6.2). 
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FSH (ng/mI) 
0 	10 	20 	30 	40 	50 	60 
Plasma added to tube (id) 
Figure 6.2 Measurments of plasma FSH using the Krishnan FSH RIA in serial dilutions of 
plasma taken from adult cockerels and male quail. 
Plasma LH was depressed after transfer to short days for 5 weeks (LSS), but not for 1 
week (Fig 6.3). Plasma LH increased within 3 days of transfer from short to long 
days (LSL) to values which were not significantly different from long day control 
birds (LLL) (Fig 6.3). 
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LSS 	LLS 	LSL 	LLL 
Figure 6.3. Comparison of plasma LH in adult female Japanese quail after exposure to 
various combinations of long (1 81-:6D) and short (8L:16D) days described in Fig 6.1. 
Different letters above bars indicates a statistically significant difference between groups, p< 
0.001, by least significant difference of one way ANOVA after logarithmic transformation of 
experimental data. (n=8). Raw data provided by I.C. Dunn. 
6.5 Gonadotrophin subunit mRNAs 
When developing QC RT-PCR assays for chicken gonadotrophin subunits (section 
2.7) it was established that the assays were suitable for the quantification of quail 
gonadotrophin subunit cDNAs. This was predicated because quail and chicken 
gonadotrophin subunit mRNA sequences are >90% homologous (Ishii, 1993; Shen 
and You, 2002). 
The pituitary contents of the three gonadotrophin subunit mRNAs were lower in 
quail transferred to short days for 5 weeks (LSS) than in the long day control (LLL) 
group (Fig 6.4). Transfer of short day quail to 3 long days (LSL) increased common 
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a and FSHj3 subunit mRNAs, but not LH/3 mRNA compared to short day control 
birds (LSS). The pituitary contents of LH$ and FSH/3 mRNAs but not a-subunit 
mRNAs were higher in females transferred from long to short days for 1 week (LLS) 
than in females transferred to short days for 5 weeks (LSS) (Fig 6.4). 
There was no difference between FSH3 or a-subunit mRNAs between females 
transferred from short to long days for 12 weeks (LLL) or 3 days (LSL) while LH,3 
mRNA was higher in females transferred from short days to 12 weeks long days 
(LLL) and females transferred from long days to 5 weeks short days (LLS). 
Pituitary content 
E Common a (x10 15 moles) LH fl (x10 15 moles) 	b 
Li FSH 
fl (x10 7 moles) 
a,c 
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LSS 	LLS 	LSL 	LLL 
Figure 6.4 Comparison of pituitary content of gonadotrophin subunit mRNAs between adult 
female Japanese quail after exposure to various combinations of long (1 81-:61D) and short 
(81-:16D) days described in Fig 6.1. a vs. b; <p  0.05, c vs. b; <p 0.05, d vs. e; p< 0.005, g vs. 
f; p< 0.001. b vs. c p< 0.001, d vs. e; p<0.001, e vs. f, p< 0.001. n8. one way ANOVA and 





Regression analysis of LHfl or a- subunit mRNAs on plasma LH showed that a-
subunit mRNA was significantly correlated with plasma LH accounting for 48% of 
the observed variation in circulating plasma LH (Fig 6.5a). Plasma LH was not 
significantly correlated with LHO mRNA (Fig 6.5b). 
a). 
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Figure 6.5 Regression analysis of a). plasma LH and pituitary a-subunit mRNA content and 
b). plasma LH and pituitary LH$ mRNA content. Data was log transformed. Statistics 
shown in graph. 
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6.6 Hypothalamic GnRH-I mRNA 
Hypothalamic qGnRH-I mRNA was significantly lower in females transferred 
from long days for 5 weeks (LSS) but not for I week (LLS) short days than in the 
long day control group (LLL) (Fig 6.7). Hypothalamic GnRH-I mRNA in quail 
transferred from short days to 3 long days (LSL) was not significantly different from 
hypothalamic qGnRH-I mRNA in control quail transferred from short days to 12 








LSS 	LLS 	LSL 	LLL 
Figure 6.7 Comparison of hypothalamic GnRH-1 mRNA content in adult female Japanese 
quail after exposure to various combinations of long (1 81-:61D) and short (8L:1 6D) days as 
decribed in Fig 6.1. Different letters above bars indicates a statistically significant difference 
between groups, p< 0.001, by least significant difference of one way ANOVA after 
logarithmic transformation of experimental data. Raw data provided by R-M. Karlsson. 
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6.7 Discussion 
This study, in laying Japanese quail, established the correlated effects of decreasing 
daylength on plasma LH, gonadotrophin subunit mRNAs, qGnRH-I gene expression 
and ovarian regression. The reduction in ovarian weight and a loss of YYFs induced 
by prolonged exposure to short days (LSS) was correlated with decreased 
hypothalamic qGnRH-I mRNA indicating that a withdrawal of stimulatory long 
daylengths reduces qGnRH-I neuronal activity and qGnRH-I release from the 
median eminence. As a consequence of this reduction in qGnRH-I release, pituitary 
content of LH3, FSH3 and a-subunit mRNAs was also reduced which in turn, 
resulted in a reduction in plasma LH secretion. In the pituitary, a-subunit mRNA but 
not LH3 mRNA content was significantly correlated with plasma LH, and accounted 
for 48% of the observed variation in plasma LH (Fig 6.5). The finding that pituitary 
content of a-subunit mRNA was a better predictor of plasma LH than LHf3 mRNA in 
quail transferred to an inhibitory photoperiod confirms a similar study in male 
Japanese quail (Kobayashi et al., 2004). The positive correlation between a-subunit 
mRNA and LH secretion was particularly clear in quail transferred from short to 3 
long days (LSL). This resulted either in an increase in hypothalamic qGnRH-I 
mRNA and, subsequently an increase in GnRH-I release from the median eminence, 
or an increase in qGnRR-I release which triggered an increase in qGnRH-I niRNA. 
This increase in qGnRH-I function resulted in the increase in pituitary a-subunit 
mRNA but not LH3 mRNA. The increase in qGnRH-I and a-subunit niRNAs was 
associated with increased plasma LH and suggests that GnRH-I in birds stimulates a- 
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subunit biosynthesis and LH secretion but not LH3 subunit biosynthesis suggesting 
that a-subunit mRNA could be a rate limiting step in LH release in quail. This view 
is supported by observations in male Japanese quail (Kobayashi et al., 2004; 
Kobayashi and Ishii, 2002; Kobayashi et al., 2002). Transfer from long to short days 
for 5 weeks reduced qGnRH-I mRNA and, in addition to reducing LHj3 and a-
subunit mRNAs also reduced FSHj3 mRNA. This observation suggests that qGnRH-
I, at least in part, stimulates FSH3 transcription or mRNA stability that may be 
relevant in increasing constitutive FSH release, which has been shown to be a major 
component of FSH secretion in Japanese quail (Hattori et al., 1986). Transfer from 
short to three long days increased qGnRH-I and FSHj3 mRNAs providing further 
evidence that qGnRH-I, at least in part, controls FSH3 mRNA. 
In conclusion, the reduced function of the quail hypothalamic-pituitary-ovarian 
axis induced by reducing daylength was the result of a reduction in mRNAs encoding 
hypothalamic qGnRH-I and pituitary gonadotrophin subunits, leading to decreased 
plasma LH and presumably plasma FSH associated with ovarian regression. The 
photo-induced ovarian regression was related to decreased qGnRH-I mRNA, but this 
is only seen after prolonged exposure to short days. A significant decrease in ovarian 
YYFs is seen after only 3 days of transfer to short days and this was not associated 
with a reduction in either qGnRH-I mRNA or plasma LH but was associated with a 
decrease in FSH3 mRNA. This transient state during the onset of ovarian regression 
in response to a short period of exposure to short days may be similar to the 
reproductive neuroendocrine status of ageing broilers where ovarian regression was 
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not associated with decreased chGnRH-I mRNA but was associated with decreased 
plasma FSH. It is therefore possible that a reduction in plasma FSH is the initial key 
factor responsible for reduced ovarian function in ageing broiler breeders similar to 
that in laying quail transferred to short days. 
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Chapter 7. Effects of GnRH-1, GnRH-ll and GnIH in 
vitro on gonadotrophin subunit mRNAs and 
gonadotrophin release 
7.1 Introduction 
The objective of the experiments described in this chapter was to determine whether 
changes in pituitary gonadotrophin subunit gene expression observed in the ageing 
broiler breeder hen could be accounted for by changes in chGnRH-I, GnRH-II and/or 
GnIH secretion. An in vitro approach to studying pituitary gonadotrophin gene 
expression has the advantage of isolating the anterior pituitary gland from circulating 
inhibitory or stimulatory feedback effects on gonadotroph function (Chapter 1 section 
1.4.1). 
It remains unclear whether GnRH-II plays a physiological role in controlling 
gonadotrophin release in either mammals or birds (chapter 1, section 1.3.1). 
Nonetheless, GnRH-II is more potent than GnRH-I in stimulating LH release in the 
hen (Sharp et al, 1987; Wilson et al, 1989). Furthermore, GnRH-II is reported to be 
more than ten fold more potent than GnRH-I in stimulating chicken FSH release in 
vitro (Millar et al., 1986) although other studies found no effect of GnRH-I on FSH 
secretion in vivo (Dunn et al 2003; Bruggeman et al., 1998; Krishan et al., 1993). 
Although chGnRH-I may not stimulate FSH release directly it may do so indirectly by 
stimulating FSH3 synthesis resulting in a constitutive release of FSH. This possibility 
was first suggested by studies in the Japanese quail where it was found that the 
amount of FSH released from pituitary glands cultured with hypothalamic extract was 
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three times more than the original content (Hattori et al., 1986). The factors that 
control FSH synthesis in birds have not been extensively investigated. In rats, FSH 
synthesis is controlled by interactions between mGnRH-I and a pituitary 
activinlfollistatin paracrine loop (Chapter 1, section 1.4) although this intra-pituitary 
mechanism has not been investigated in birds. 
A pulsatile pattern of exposure to chGnRH-I in vitro was chosen for the experiments 
presented in this chapter because, first, the activin/follistatin loop in the rat is 
mGnRH-I pulse frequency dependent (Besecke et al., 1996) and, secondly, prolonged 
incubation in the presence of chGnRH-I does not stimulate gonadotrophin subunit 
mRNAs in pituitary fragments of incubating hens (chapter 5, section 5.2.4). This lack 
of response to chGnRH-I may be due to the desensitation of the chicken gonadotroph 
to chGnRH-I that is more rapid than observed in mammals (Pawson et al., 1998). 
In addition to a regulatory role for chGnRH-I on gonadotrophin secretion, the novel 
RFamide neuropeptide, gonadotrophin inhibitory hormone (GnIH, Tsustui et al., 
2000) may also act on the anterior pituitary gland to depress gonadotrophin subunit 
gene expression and secretion; this is possible as GnIH suppresses in vitro LH release 
from the male Japanese quail (Tsustui et al., 2000). 
The objective of the research presented in this chapter was to test the hypothesis that 
pulsatile chGnRH-I stimulates LH release from cultured adult cockerel pituitary 
fragments and is associated with increased gonadotrophin LH3 and a-subunit 
mRNAs. Pulsatile chGnRH-I is also hypothesised to effect follistatin and activin /3 a 
mRNAs from cultured adult cockerel pituitary fragments that would have effects on 
FSHfl mRNA. Taking into consideration the more potent effect of GnRH-II than 
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chGnRH-I on LH release (Sharp et al., 1897), it was predicted that GnRH-II may 
stimulate gonadotrophin subunit mRNAs to a greater extent than chGnRH-I. A 
second objective of the research presented in this chapter was to determine whether 
GnIH suppresses constitutive gonadotrophin secretion from cultured adult cockerel 
pituitary fragments by reducing gonadotrophin subunit mRNAs. 
7.2 Effects of pulsatile GnRH-1 using adult cockerel pituitary fragments 
The aim of this experiment was to determine, in vitro, whether changes in pituitary 
gene expression observed in ageing (chapter 3, section 3.4) and ad libitum fed 
(chapter 4, section 4.4) broiler breeder hens can be accounted for by exposure to a 
pulsatile pattern of chGnRH-I. Pituitary glands were dissected from cockerels and 
pooled in chilled phosphate buffered saline. They were then diced and distributed 
equally into a 6 x 4 array of plastic cups (1 mm diameter, 2 mm deep, 2-3 
fragments/cup) with nylon mesh bottoms which fitted into a 24 well cell culture plate 
(Corning Costa, Amsterdam, Netherlands). The nylon mesh allowed the pituitary 
gland fragments to be exposed to culture medium alone or medium containing 
chicken GnRH-I (Try-His-Trp-Ser-Try-Gly-Leu-Gln-Pro-Gly-NH 2 , Bachem, St. 
Helens, UK) to a stimulated pulsatile pattern of exposure to GnRH-I. The 
experimental conditions were as described in chapter 2 section 2.10. Pituitary 
fragments were transferred from medium alone to medium containing 1 x 10 M 
chicken GnRH-I or vehicle, for five minutes every 120 minutes according to a Latin 
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square design. After a 5 minute exposure to GnRH-I, the pituitary gland fragments 
were re-equilibrated with 95% 02 and 5% CO2 and fresh media alone until the next 
pulse treatment. The times and dose chosen for GnRH treatments were based on the 
observations that pulses of LH occur about every 90 minutes in adult chickens 
(Wilson and Sharp, 1975) and that pituitary cell responsiveness to GnRH-I is 
maintained in dispersed chicken pituitary cell preparations perifused with 1 x 10-7  M 
GnRH-I at 5 minute intervals (King et al., 1986). At the end of the experimental 
period pituitary fragments were harvested, snap frozen in liquid nitrogen and stored at 
-80°C before RNA extraction and media was stored at -20°C before LH assays. 
Exposure of cultured pituitary cell fragments to 5 minute pulses of 1 x 10-7  M 
GnRH-I at a 90 minute frequency for 24 hours increased a-subunit and follistatin 
mRNAs, but did not affect FSH3, LH3 nor activin 13B mRNAs (Fig 7.1). 
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Figure 7.1 Effect of in vitro exposure to 16 x 5 minute pulses of 1 x 10-7  M GnRH for 24 hours 
on a).gonadotrophin subunit and b). follistatin and activin $B  mRNAs in adult cockerel pituitary 
fragments. Values are mean ± SEM. ANOVA was performed on log transformed data. *p 
<0.05, <0.01 compared to controls. 
The effect of GnRI-I-I on LH release became less pronounced during the course of 
the experiment until LH within the media was undetectable in the incubation media of 
the last five GnRH-I pulses (Fig 7.2). 
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Figure 7.2 The effect of in vitro exposure of cockerel pituitary fragments to 16 x 5 minute 
pulses of 1 x 10-7  M GnRH-1 for 24 hours on LH release in adult cockerel pituitary fragments. 
Values are mean ± SEM. 
7.3 Effects of pulsatile GnRH-1 and GnRH-11 using broiler breeder hen 
pituitary fragments 
The objective of this experiment was to compare the effects of chGnRH-I and 
GnRH-II administrated in a pulsatile mode on gonadotrophin subunit mRNAs in 
laying, food restricted broiler breeder hens. Hens were 45 weeks old at the time of the 
experiment and were culled in the evening to avoid the descending slope of the 
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desensitisation of the anterior pituitary gland to GnRH. The experimental design was 
as described in section 7.2.1. 
Both chGnRH-I and GnRH-II administered in a pulsatile manner significantly 
increased gonadotrophin a-subunit ruRNA (Fig 7.3a) without effecting LHI3  subunit 
mRNA (Fig 7.3c). Pulsatile chGnRH-I, but not GnRH-II, stimulated FSHI3 mRNA 
(Fig 7.3b), while GnRH-II, but not GnRH-I, stimulated follistatin mRNA (Fig 7.3d). 
Unfortunately activin 13B mRNA levels were too low in this experiment to quantify 
accurately. 
a). a-subunit ANOVA 
	
b). FSHP subunit ANOVA 
Treatment =0.008, plate position =0.752 
	
Treatment =0.011, plate position 0.407 
Control 	GnRH-1 	GnRH-11 	 Control 	GnRH-1 	GnRH-11 
Figure 7.3 Comparison of the in vitro effect of 16 x 5 minute pulses of 1 x iO' M GnRH-1 and 
GnRH-11 for 24 hours on a). a-subunit, b). FSH$, c). LHP and d). follistatin mRNAs in laying 
broiler breeder hen pituitary fragments. Values means ± SEM. Statistical analysis was 
performed on log transformed data using treatment and plate position as a factor in ANOVA. 
*p< 0.05;  **p< 0.01;  ***p<  0.005 compared to control values. 
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7.4 Calculation of half lives of gonadotrophin subunit mRNAs 
An important factor to consider when evaluating the predicted inhibitory effect of 
GnIH on gonadotrophin subunit mRNAs in a short term pituitary gland culture, is the 
half lives of the mRNAs. The objective of this experiment was to measure the half 
life of each gonadotrophin subunit mRNA using the transcriptional inhibitor 
actinomycin D (Loflin et al., 1999). The experimental conditions were as described 
in chapter 2, section 2.10.1. Cockerel pituitary fragments were incubated without 
(control) or with 8M actinomycin D (Sigma-Aldrich, Poole, Dorset) in a Latin 
square design and harvested for gonadotrophin subunit mRNA assay at 1, 3, 6 and 9 
hours. Observations were made at each time point in triplicate. Estimation of 
gonadotrophin subunit mRNA half lives, degradation of each respective transcript 
was calculated by subtraction of the control values from the actinomycin D values to 
give the change in the concentration of mRNA due to degradation. The value for 
change in the concentration of mRNA was 1092-transformed and plotted against time. 
Half lives were calculated by taking the reciprocal of the slope of the regression 
between the change in the concentration of mRNA and time, since a change of 1 in 
1092 transformed data equals a decrease in concentration of a half. 
The half lives of the gonadotrophin a, FSH3 and LH3 subunit mRNAs were 
calculated to be respectively, 8.6, 4.1 and 13 hours although the error estimates are 
relatively large (Fig 7.4). 
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Figure 7.4 Estimations of the half lives for chicken gonadotrophin subunit mRNAs. The half 
lives were calculated by taking the reciprocal of the slope of the fitted line. Regression 
analyses are shown for a) the common a subunit, b) FSH $ subunit, and c) LH $ subunit 
mRNAs. Values are mean ± SEM; (n=3). 
7.5 Effects of short term incubation with GnIH using adult cockerel 
pituitary fragments 
The objective of this experiment was to confirm, using adult cockerel pituitary 
fragments, the observation that GnIH inhibits LH secretion from male quail pituitary 
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Pituitary glands were dissected from cockerels (n=8) and pooled into chilled 
phosphate buffered saline. The pituitaries were collectively diced into fragments and 
distributed randomly into the wells of 12 well cell culture plates, (Coming Costa, 
Amsterdam, Netherlands). The experimental conditions were as described in chapter 
2, section 2.10.1. The culture medium was removed after a 90 minute pre-incubation 
and 1 ml of fresh medium was added to each well containing GnIIH peptide (lxi 0, 
1x10 6, 1x10 5 log M) or no peptide (control) in a Latin square design. The culture 
plates were re-equilibrated with 95% 02 and 5% CO2 and replaced in the orbital 
incubator for a 120 minute incubation. Pituitary fragments were harvested and snap 
frozen in liquid nitrogen and stored at —80°C before RNA extraction. The experiment 
was replicated on a separate occasion. GnIH used in the experiments presented in this 
chapter was a kind gift from Prof. Kazu Tsutsui. 
Incubation of cockerel pituitary fragments for 120 min with GnIH at doses of 1 x 
10-7 and 1 x 10.6  M but not at 1 x 10-5  M depressed the concentration of common a 
subunit mRNA (Fig. 7.5a). GnIH had a similar depressive effect on FSH3 mRNA 
although this effect was seen with doses of 1 x 10-7  and 1 x 10-5  but not 1 x 10-6 M 
(Fig 7.5b). In contrast, GnIH did not depress LHj3 subunit mRNA (Fig. 7.5c). GnIH 
inhibited both FSH and LH release into the incubation medium at the lowest but not 
the highest doses (Fig. 7.5d,e). The experiment was repeated, and the combined 
results are shown in Fig. 7.5. 
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Figure 7.5 Effects of incubating anterior pituitary gland fragments from adult cockerels for 120 
minutes with GnIH, on concentrations of gonadotrophin subunit mRNAs and of LH and FSH in 
the incubation medium. The experiment was repeated and showed similar effects; the data 
from the two experiments were combined. Values are shown for a) common a subunit mRNA, 
b) FSH p subunit mRNA c) LH p subunit mRNA d) FSH concentration and e) LH 
concentration. Values are means ± SEM; n=1 5 where "n" refers to the number of pituitary 
fragments assayed. ANOVA was performed on log-transformed data followed by Student's t-
test to test for significance between means. *p  <0.05,  **p  <0.01,  ***p<  0.005 compared with 
control samples not incubated with GnIH. 
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7.6 Effects of long continuous incubation with GnIH using adult cockerel 
pituitary fragments 
The objective of this study was to determine the effects of a prolonged continuous 
(24h) GnIH exposure on gonadotrophin subunit mRNAs and gonadotrophin secretion. 
The experimental design was as described in section 7.2.4 apart from the incubation 
period which was 24 hours and the concentrations of GnIH used, which were lxi O, 
1x10 7, 1xi0 5 log M. 
Incubation of cockerel pituitary fragments for 24 hours with GnIH failed to inhibit 
gonadotrophin sunbunit mRNAs (fig 7.5a-c). There was no effect on FSH or LH 
secretion of GnIH at concentrations 1 x iO and 1 x iO M, while at the highest does 
(1 x 1O), GnIH stimulated both FSH and LH release (Fig 8.5d). 
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Figure 7.6 Effects of incubating anterior pituitary gland fragments from adult cockerels for 24 
hours with continuous GnIH, on concentrations of gonadotrophin subunit mRNAs and of LH 
and FSH in the incubation medium. Values are shown for a) common a-subunit mRNA, b) 
FSH fl subunit mRNA c) LH $ subunit mRNA d) FSH concentration and e) LI-I concentration. 
Values are means ± SEM; n=1 5 where "n" refers to the number of pituitary fragments 
assayed. ANOVA was performed on log-transformed data followed by Student's t-test to test 
for significance between means. *p <0.05,  **p  <0.01 compared with control samples not 
incubated with GnlH. 
7.7 Effects of pulsatile GnIH using cockerel pituitary fragments 
It is possible that GnIH is released from the median eminence in a pulsatile manner. 
The objective of this study was to determine the effects of pulsatile administration of 
GnIH on gonadotrophin subunit mRNAs in vitro. The experimental design was as 
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hours. Pituitary fragments were exposed to eight pulses of 1 x 10 M GnIH or 
vehicle, for five minutes every 120 minutes according to a Latin square design. 
Eight 5-minute pulses of GnIH at intervals 120 minutes had no effect on LHfl, 
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Control 	GnIH 
Figure 7.7 Effect of in vitro exposure of 8 x 5 minute pulses of 1 x iO T M GnRH for 12 hours 
on gonadotrophin subunit mRNAs in adult cockerel pituitary fragments. Values are mean ± 
SEM. One-way ANOVA was performed on log transformed data. 
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7.8 Discussion 
LH release became progressively less pronounced during the time course of 
pulsatile chGnRH-I-stimulation of cockerel pituitary fragments until, at the end of the 
experimental period, LH secretion was undetectable (Fig 7.2). This gradual reduction 
in LH release may be due to a depletion of the readily releasable LH pool. In support 
of this view, the preovulatory surge of LH in the sheep, which is caused by increased 
GnRH release, is associated with the depletion of up to 80% of total pituitary LH 
content in sheep (Brooks et al., 1993) resulting from the secretion of most, if not all, 
intracellular LH (Crawford et al., 2000). In addition, there was evidence that 
chGnRH-I also increases the baseline secretion of LH in the cultured cockerel 
pituitary fragments that would accelerate the reduction of readily releasable LH. An 
alternative but not mutually exclusive explanation is that the reduction in LH release 
is due to a desensitisation of the pituitary gland to the mode of chGnRH-I presentation 
used in the current study. However, this loss of LH release during the experimental 
period can equally be ascribed to the pituitary cells becoming necrotic. Nonetheless, 
pulsatile chGnRH-I stimulated LH secretion was associated with an increase in a-
subunit but not LHj3 subunit mRNA using both cultured cockerel (Fig 7.1 a) and 
broiler breeder hen (Fig 7.3) pituitary fragments. These observations are consistent 
with findings in ad libitum broiler breeder hens that an increase in chGnRH-I mRNA 
in vivo was associated with an increase in a-subunit mIRNA and plasma LH but not 
LHj3 mRNA (chapter 4, section 4.4.4 and 4.4.5). Both chGnRH-I and GnRH-II 
stimulated a-subunit mRNA from cultured laying broiler breeder hen pituitary 
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fragments (Fig 7.3a) with no difference in potency, it is possible that the more potent 
LH release by GnRH-II than chGnRH-I (Sharp et al., 1987) may be mediated at the 
post-transcriptional level perhaps involving greater mobilisation of intracellular Ca 2+  
stores within gonadotrophs to facilitate greater LH release (Liu et al., 1995). 
In rats, the regulation of FSHj3 mRNA by mGnRH-I is mediated by a 
follistatin/activin paracrine loop within the anterior pituitary gland (Bilezikjian et al., 
2004; Winters and Moore, 2004). The present study supports the view that chGnRH-I 
stimulates follistatin mRNA since pulsatile chGnRH-I (Fig 7. ib) or GnRH-II (Fig 
7.3d) stimulated follistatin mRNA in cultured cockerel and broiler breeder hen 
pituitary fragments. It is possible that the mode of pulsatile GnRH used in the current 
experiment was equivalent to fast mGnRH-I pulses that has been found, in rats, to 
preferentially stimulate LH biosynthesis and secretion, rather than FSH biosynthesis 
(Dalkin et al., 1989; Kasier et al., 1997). If the rise in follistatin mRNA in cockerel 
pituitary fragments is a reflection of increased pituitary follistatin protein then an 
activin/follistatin paracrine loop may also be operational to control FSH release in 
birds. In support of this view activin /3J3 mRNA was almost significantly decreased 
(p= 0.075 on log transformed data; p= 0.057 on un-transformed data) in chGnRH-I 
treated cockerel pituitary cells (Fig 7. lb) possibly due to an increase in secreted 
follistatin protein. The chGnRH-I stimulated increase FSH3 mRNA in broiler breeder 
hen pituitary fragments (Fig 7.3b) was not associated with a change in follistatin 
mRNA (Fig 7.3d). In contrast, GnRH-II stimulated follistatin mRNA but not FSHj3 
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mRNA in the same experiment. These observations agree with the observations of 
Kirk et al. (1994) who suggested an increase in pituitary follistatin serves to delay the 
FSH3 mRNA responses to mGnRH-I rather than to prevent it. 
In agreement with the finding in the quail (Tsutusi et al., 2000), in the cockerel, 
GnIH inhibited LH release from pituitary fragments in short term culture (Fig 7.5e) 
and, further, also inhibited FSH release (Fig. 7.5d). The inhibitory effect of GnIH on 
FSH release has not been previously reported. This depressive effect of GnIH on LH 
and FSH release was correlated with a depression in the concentrations of common a 
and FSHf3 subunit, but not LHj3 subunit mRNAs (Fig 7.5a-c). It remains to be 
established whether this suppressive effect of GnIH is a consequence of an inhibition 
of a and FSHj3 subunit gene transcription, or of decreased stability of the 
gonadotrophin subunit mRNAs. The possibility that GnIH also depresses LH3 
mRNA cannot be excluded because the half life of chicken LH3 mRNA was 
calculated to be 13 hours (Fig 7.4c) which is much longer than the 120 minutes in 
vitro experiment. Mammalian LHj3 mRNA also has a long half life, 44 hours in the 
rat (Bouamoud et al., 1992), while the shorter, 4-8 hours half lives of common a and 
FSH$ subunit mRNAs calculated for the chicken (Figs. 7.4a, b) are similar to those 
reported for the corresponding mammalian mRNAs (Bouamoud et al., 1992; Attardi 
and Winters, 1993; Carroll et al., 1991b; Chedrese et al., 1994). 
The rapid decay of the FSH3 transcript allows FSH secretion to be controlled at the 
level of FSHf3 mRNA stability. The relatively short t'/2 of FSHf3 mRNA can be 
ascribed to the transcripts long 3' untranslated region (UTR) that contains numerous 
AUUUA motifs in a number of species. Ovine (Moutford et al., 1989) and bovine 
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(Esch et al., 1986) FSHj3 mRNAs contain 5 and 6 AUUUA motifs in their 3' UTR 
respectively, and in the chicken (fig 9.2) and quail (Kikuchi et al., 1998) 5 AUUUA 
motifs are present in the 3' UTR of the transcript. In contrast, only one or no 
AUTJUA motif exists in the mammalian and avian a-subunit mRNA (accession 
number human: Xlvi 01144; bovine: X00050; ovine: X16977; possum: AF004520; 
quail: S70833; turkey: M33698) and no such motifs are present in LHj3 mRNA 
(accession number human: BC006290; bovine: M10077; quail S70834). Studies 
indicate that AUUTJA pentamers in 3' UTR serve as a cis-acting element for the rapid 
degradation of mRNAs for proto-oncogenes, cytokines and lymphokines (Malter, 
1989). In support of the view that nucleotide sequences within the 3' UTR of the 
FSHI3 mRNA contributes to accelerated degradation, removal of the 3' UTR greatly 
increases the transcripts half life of both ovine FSHI3 mRNA in vitro (Mountford et 
al., 1992) and in transgenic mice in vivo (Brown et al., 2001). Factors that are known 
to influence FSH release in mammals mediate their effects by modulating FSHj3 
mRNA. For example, in rats, activin, follistatin and inhibin effect FSH secretion by 
modulating FSHj3 mRNA stability (Carrol et al., 1991a; Attardi and Winters, 1993). 
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421 	 TGA agggtacttg atatggcagc ttggctttaa attttcactt 
481 ctaattagat aagggtattg aacaggctga atcataaact gaaagacaaa ggtaccgaga 
541 aactgccaag cttgaaacaa aaatttttaa ggccaaaatg gagagctact gattaaactt 
601 ctcttcaggc cttctctact tttcccatcg ttttccctga agtcattttc atgggtgtat 
661 agattacaga ctctgccttg ccccctcttc tttattccat cttcattctt tatgtttctt 
721 catttccaca gcttagttca cttagattac tccatactat cctatgcttt taaaaagctc 
781 ccaactttat tatgccctca tttccatctc tcctcagaac tcattttaaa aagccttgca 
841 gcaccagttt taattacatg caacatccat gcccttactg tctaaattct agttagacgc 
901 tcttagctga ggttctgact ttcttcagca gaatatttca tgcagtcatt atgttatgta 
961 aacagtaaca gcatgtttAT TTAagagcca aaaacctatg ttcaaatgtt gaaagtgacc 
1021 aaactcttct gctttctcat taaggcttgt tagctctggc tcagtgccac agtaacaaat 
1081 ggcacgaagt ctatccagtt catgcctggc taactcactg tttgaaatgc tgagctgtca 
1141 atctcaaaaa attgtgaaat attgccacaa atctgaaaca ctggatttcc tctcattatg 
1201 caacagaaca taataagaat tattttaata gagaagactc acaaatgATT TAgggataaa 
1261 tgtagagaaa cctgaccttg gcagggcaaa tctgcagtca caacatacct tgtaagtagt 
1321 ctgcagtagt gcctctgaga acagaagtgt atacagctct gcagcaacct aattctgcag 
1381 tgaccaaaat gaatgggaca gaatgggact gaatcagaat ggaaaattat ctctggtctg 
1441 aaaactacag aatgaaatct actgaaacaa tcatctactg aaatacacag tggagagcaa 
1501 ctggttcagc agcagttctg cacagaaggc ttggaggtta tacaagcagg gaatcagtta 
1561 acaataccat actactatgg aaaatctgag acgtacaggg tagagccaac gagatacaac 
1621 ctacttccac tagttcgttc agccttttga gggccttaac caagatgtta cttcgagttc 
1681 tggacactga actcgaaaca ctgaagtaaa agaacagtca gtttgccatg cctatagtga 
1741 acagaacaat gaacgccatc tgcagatctc ccgaaaggaa aagacagtta gccactgaaa 
1801 taaattgtca aggaggtggg ggaaggaaag aagatagagg ggtatctgtg cagtagtgat 
1861 aaaaagaaca agaactctaa gaccatgttg gcctgttgag aatgacagca gcaatgataa 
1921 cctgccatga tgcaggtaat gtggaggttc acctcttgag gtactttcca atactatttt 
1981 tgtattactt gaccagctgt catgactgct tttgagatcc ttacagagat gtttATTTAa 
2041 agggaatttg tttgttactc tggatcactc tttgtatgga tattttaATT TAtttcattt 
2101 gtaacttttt tttttactgt aagaaactaq tgttcttATT TAtaagctgt attatcatgg 
2161 acattgactt tggtctagtg aaattttaaa agtggtaatg caacaggtaa atgaaattgc 
2221 ctgtcatttc aattttaaac aagagttgac tttcggttac agtcaagttt gttgttcaca 
2281 ttgggaatta ttcagttctg gatgagggaa ttctgaatga aaactgtgca aacggagtag 
2341 ctcgcagcaa aaagtaagaa aagtatatgt tttaaaaata catctgtaag catctgtact 
2401 atctattata cattttaaaa aaataaaaat aattttatta taaaaaaaaa aaaaaaaa 
Figure 7.8 3' UTR region of the chicken FSH/? cDNA (accession number: NM 204257) 
highlighting a putative TGA stop codon and five 	pentamers that may contribute to the 
transcript's rapid degradation. 
It is possible that the suppressive action of GnIH on LH release is mediated by more 
than one mechanism: the first appears to be a short-acting effect, as suggested by the 
observations of Osugi et al. (2004), while a second, long acting mechanism is 
suggested by the observations in vitro reported in this chapter. The long acting 
mechanism may involve an inhibitory effect of GnIH on LH release as a consequence 
of decreased LH synthesis associated with a decrease in constitutive LH release. The 
possibility that LH is released without concurrent GnRFJ stimulation has been 
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reported in mammals (McNeilly et al., 1991; Crawford et al., 2002) where it has been 
observed that gonadotrophin subunit mRNA levels are maintained for at least 30 
hours after mGnRH-I deprivation (Mercer and Clarke, 1989). In birds a similar 
mechanism is suggested by the observation in the male turkey, that increased baseline 
plasma LH during sexual maturation is not associated with a change in GnRH pulse 
frequency or amplitude (Yang et al., 1998). It is relevant to note that baseline 
concentrations of LH in laying hens are not pulsatile, further suggesting constitutive 
release of LH in the chicken (Wilson and Sharp, 1975). If GnIH inhibited LH release 
in vitro is a consequence of an inhibition of synthesis, LH synthesis would have been 
depressed within 120 minutes duration of the pituitary fragment incubation 
experiment. There is no information on the rate of LH synthesis in birds, but in 
mammals, synthesis to processing and packaging of a mature LH dimer takes 1.5 
hours (Blomquist and Baenziger, 1992). This was within the time-frame of the 
incubation experiment and supports the view that GnIH may suppress LH release 
secondarily to a reduction in synthesis. 
The lack of an effect of a high dose of GnIH on LH release can be ascribed to a 
desensitisation of the gonadotrophs to GnIH. By analogy, the phenomenon of 
desensitisation to GnRH-I has been established in the chicken (King et al., 1986, 
Sharp et al., 1986) and mammals (Weiss et al., 1990; Mercer and Clarke, 1989; 
Jinnah and Conn, 1986; Baird et al., 1986). GaTH also inhibited FSH release in vitro 
(Fig 7.5d), which has not been previously reported although this was suggested by a 
non-significant inhibitory effect on FSH release in vitro in the quail (Tsutsui et al., 
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pituitary gonadotrophin subunit mRNAs (Fig 7.6a-c) while both FSH and LH were 
increased at the highest does of GnIH (Fig 7.6d,e). This lack of a suppressive effect 
of GnIH on gonadotrophin subunit mRNAs and LH and FSH release could be 
ascribed to homologues desensitisation of the GnJH receptor. The GnIH receptor has 
been cloned and has been found to be a member of the of G protein coupled receptor 
super family (Yin et al., 2005), and the phenomenon of rapid desensitisation is a 
characteristic feature of many G protein-coupled receptors (Krupnick and Benovic, 
1998) including the chicken GnRH type I receptor (Pawson et al., 1998). 
In conclusion, in vitro chGnRH-I and GnRH-II stimulates a-subunit mRNA but not 
LHj3 subunit mRNA in cultured broiler breeder hen pituitary fragments. Conversely, 
in cultured cockerel pituitary fragments, the in vitro inhibition of LH release by GnIH 
is associated with a reduction a-subunit mRNA, but not LHfl subunit mRNA. 
Collectively, these findings demonstrate that pituitary a-subunit mRNA is a better 
indicator of LH secretion and, furthermore, may be rate limiting LH release. GnIH 
also inhibits FSH3 mRNA and FSH secretion and may play a role in inhibiting 
constitutive gonadotrophin release in birds. The chGnRH-I stimulated increase in 
follistatin mRNA provides evidence that an intra-pituitary mechanism controlling 
FSH release may be operational in poultry as it is in the rat. 
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8.1 Summary 
The aim of this Thesis was to gain further understanding of the underlying 
neuroendocrine mechanisms controlling reproduction in poultry with particular focus 
on the ageing broiler breeder hen. Decreased egg production in old laying broiler 
breeder hens was found to be related to reduced concentrations of plasma FSH and 
LH. The studies presented in this Thesis explore the neuroendocrine mechanisms 
that might be responsible for this reduction in gonadotrophin secretion. It was 
demonstrated that FSH and LH biosynthesis in the chicken is stimulated by 
chGnRH-I and inhibited by GnIH as inferred from measurements of gonadotrophin 
subunit mRNAs and secreted gonadotrophins. It was further concluded that reduced 
gonadotrophin biosynthesis is a major factor determining the reduction in 
gonadatrophin secretion in ageing broiler breeder hens. In contrast to mammals 
where LHj3 subunit biosynthesis is rate limiting for LH release (Gharib et al., 1990; 
Shupnik, 1996; Nilson et al., 1983), in the broiler hen pituitary a-subunit 
biosynthesis was found to be a rate limiting step in the regulation of LH secretion. 
Evidence was obtained to show that FSH3 subunit biosynthesis is a rate limiting 
factor for FSH secretion which, as in mammals is predominantly constitutive 
(Famworth, 1995; Muyan etal., 1994). It was further demonstrated, through 
measurements of their mRNAs in the anterior pituitary gland, that there is likely to 
be a paracrine activinlfollistain interaction which controls chicken pituitary FSH 
secretion similar to that reported in mammals (Winters and Moore, 2004; Bilezikjian 
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et al., 2004). Continuous exposure to chGnRH-I in vitro did not stimulate 
gonadotrophin subunit mRNAs. However, pituitary gonadotrophin subunits, activin 
13B and follistatin mRNAs were found to be responsive to chGnRH-I administered in 
a pulsatile mode. This observation provided the first evidence in the chicken that a 
pulsatile pattern of chGnRH-I exposure is important in modulating gonadotrophin 
subunit biosynthesis and in maintaining pituitary responsiveness to chGnRH-I. 
8.2 Main conclusions 
The main conclusions from this Thesis related to reproductive ageing in the broiler 
breeder hen are summarised in Figure 8.1. 
Reduced ovarian follicular growth in old compared with young laying broiler 
breeder hens was assumed to be causally related to decreased persistency of lay and 
associated with reduced plasma LH and FSH. The reduction in plasma LH confirms 
previous studies in ageing chicken (Sharp et al., 1992) and turkey hens (Guemene 
and Williams, 1999), but the reduction in plasma FSH in ageing laying hens has not 
been previously reported. The reduction in plasma LH and FSH was associated with 
reduced pituitary a-subunit and LH$ but not FSH3 mRNAs (Fig 8.1a,b). It is 
therefore likely that reduced ovarian function in old laying hens is caused, at least in 
part, by a reduction in gonadotrophin biosynthesis which is a consequence of reduced 
a-subunit gene transcription or a-subunit mRNA stability. 
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Figure 8.1 Differences within the hypothalamic-gonadotroph axis of a). young laying, b). old 
laying and c). old out-of-lay broiler breeder hens, that may contribute to a reduction in 
persistency of egg production with age. The thickness of the lines with arrowheads indicates 
amounts of synthesis/output of mRNAs and hormones indicated respectively. Note that 
reduced persistency of lay in a flock is considered to be causally related to a combination of 
a reduction in numbers of large yellow yolky follicles shown in b) and complete ovarian 
regression shown in c). 
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The decrease in a-subunit mRNA in old laying hens is suggested to be due to a loss 
of pituitary sensitivity to chGnRH-I (Sharp et al., 1992) resulting from decreased 
chGnRH-I release. The decrease in chGnRH-I release is suggested to be reflected in 
a reduction in the frequency of the pulsatile release of the neuropeptide (Fig 8.1a and 
8. lb,c). The proposed decrease in chGnRH-I release in ageing laying broiler 
breeders is unlikely to be initiated at the level of chGnRH-I gene transcription or 
mRNA stability as a decrease in chGnRH-I mRNA was not associated with reduced 
numbers of yellow olky follicles (YYFs) in old laying hens (chapter 3). It would 
appear that the proposed decrease in chGnRH-I release in old laying broilers is a 
consequence of a change in the hypothalamic mechanisms controlling chGnRH-I 
release rather than amounts of chGnRH-I mRNA. 
Both LHj3 and FSHj3 mRNAs increase in association with the regression of the 
ovary in the old out-of-lay hen while a-subunit mRNA is decreased (Fig 8.1c). This 
indicates a lifting of the inhibitory feedback effects of ovarian hormones on 
gonadotrophin subunit biosynthesis. The decrease in plasma LH in old out-of-lay 
broilers is associated with decreased a-subunit but not LHfl subunit mRNAs 
suggesting that a-subunit synthesis may be a rate limiting step for LH secretion. The 
increase in FSHj3 mRNA in old out-of-lay hens is correlated with an increase in 
plasma FSH and indicates that FSH3 subunit synthesis may be a rate limiting step for 
FSH release is predominantly constitutive. In addition, as inferred from an increase 
in follistatin mRNA, pituitary follistatin synthesis may increase with the regression 
of the reproductive system in the old broiler hen (Fig 8.1 c). This suggests that 
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follistatin is also sensitive to ovarian hormone feedback and indicates that the 
function of the intra-pituitary follistatin/activin loop is altered when plasma FSH is in 
increased. 
8.2.1 Role of GnRH-1 mRNA in decreased ovarian function in old broiler 
breeders 
The observation that chGnRH-I did not decrease as ovarian function declined with 
advancing age (chapter 3) suggests that chGnRH-I gene transcription or chGnRH-I 
mRNA stability is not actively inhibited when reproductive function decreases with 
advancing age. This view is supported by supplementary study where a reduction in 
YYFs in female Japanese quail transferred from long to short days was not 
associated with a reduction in qGnRH-I mRNA (Chapter 6). In contrast, chGnRH-I 
mRNA is rapidly reduced after the onset of incubation (chapter 5; Dunn etal., 1996), 
suggesting that in these birds chGnRH-I gene transcription or chGnRH-I mRNA 
stability is actively inhibited. The possibility that a similar mechanism may begin to 
operate when old laying hens stop laying seems unlikely because chGnRH-I mRNA 
is similar in old laying and out-of-lay hens. It therefore seems that unlike incubating 
hens, reduced gonadotrophin secretion in old laying hens may be a consequence of 
reduced stimulation of chGnRH-I release but not of chGnRR-I gene transcription or 
chGnRH-I niRNA stability. 
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It is possible that a reduction in processing of pre-proGnRH-I peptide could 
account for a reduction in gonadotrophin secretion in old laying hens, but this also 
seems unlikely as in an earlier study there was no difference in hypothalamic 
chGnRH-I peptide in young and old laying dwarf broiler breeder hens (Sharp et al., 
1992). This view is supported by observations in old and young female rats in which 
no differences are observed in hypothalamic mGnRH-I peptide content, although 
reproductive function was depressed in older animals (Steger et al., 1979; Rubin et 
al., 1985). However, it can not be discounted that enzymatic processing and 
degradation is altered causing a decrease in the amount of stored chGnRH-I or GnIH 
peptides in their biologically active forms within the median eminence of the old 
laying hen. Available evidence on the rate of chGnRH-I peptide degradation in the 
chicken argues against this possibility, because degradation of the chGnRH-I peptide 
is higher in laying than in out-of-lay hens (Advis et al., 1985). 
It is more likely that a reduction of chGnRH-I release in old laying hens accounts 
for the reduction in gonadotrophin release. In support of this view, in vitro 
GnRR-I release from old laying female Japanese quail hypothalamic slices is 
reduced compared to young laying females (Ottinger et al., 2004). 
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8.2.2 GnRH-1 pulse frequency and decreased ovarian function in old 
broiler breeders 
This Thesis provides evidence that pulsatile chGnRH-I presentation is required to 
stimulate pituitary a-subunit mRNA and to maintain pituitary responsiveness to 
chGnRH-I in the laying hen (chapter 7), since pulsatile chGnRH-I administered in 
vitro to pituitary glands stimulated gonadotrophin mRNA while continuous 
chGnRH-I exposure had no effect on gonadotrophin mRNAs (chapter 5). 
A decrease in chGnRH-I release could be manifested in either a reduction in 
chGnRH-I pulse frequency or a reduction in chGnRH-I pulse amplitude or a 
combination of both. Changes in LH and FSH release as well as pituitary 
gonadotrophin subunit biosynthesis are partly dependent on changes in hypothalamic 
mGnRH-I pulse frequency in mammals (Chapter 1, section 1.x.x; Kasier et al., 1997; 
Dalkin et al., 1989) and mGnRH-I pulse frequency is reduced in both ageing women 
(Hall et al., 2000; Rossmanith et al., 1991) and female rats (Rubin and Bridges, 
1989). A reduction in chGnRH-I pulse frequency in ageing laying broiler breeder 
hens explains, at least in part, reduced LH and FSH secretion. An age-related 
reduction in chGnRH-I pulse frequency in mammals is known to be associated with 
decreased LH and increased FSH secretion (Wildt et al., 1981; Kaiser et al., 1997; 
Jayes et al., 1997). It is likely that a similar mechanism operates in ageing broiler 
breeders. This prediction is consistent with the observation that in old laying broiler 
breeder hens plasma LH was decreased relative to young laying hens. However, 
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contrary to what might be predicated from the mammalian literature plasma FSH was 
decreased rather than increased. The hypothesis that FSH should increase in old 
broilers as a consequence of decreased GnRH-I pulse frequency is, however, 
consistent with the increase in plasma FSH seen in the old out-of-lay broiler breeder 
hen, compared to young or old laying hens. This increase in plasma FSH might be 
expected as a result of reduced ovarian function and a loss of ovarian feedback 
signals in old out-of-lay hens which normally inhibits FSH release. 
8.2.3 Differential regulation of gonadotrophin secretion 
This Thesis provides additional circumstantial evidence that changes in chGnRH-I 
pulse frequency may play a role in controlling the differential secretion of LH and 
FSH in broiler breeders. The increase in ovarian follicular growth observed after re-
feeding food restricted laying broiler breeder hens was associated with an increase in 
hypothalamic chGnRH-I mRNA (chapter 4) suggesting increased chGnRH-I 
neuronal activity. If this resulted in an Increase in chGnRH-I pulse frequency or 
amplitude, the finding that plasma LH is higher while plasma FSH is lower in ad 
libitum than food restricted hens strengthens the view that increased chGnRH-I pulse 
frequency may play a role in controlling differential gonadotrophin secretion, with a 
high chGnRH-I pulse frequency preferentially stimulating LH release over FSH 
secretion. As mentioned above, this conclusion is inconsistent with the low 
concentrations of plasma FSH observed in old laying broilers, but if chGnRH-I pulse 
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frequency is decreased in these birds it is suggested that the potential to increase 
plasma FSH is negated by hormones secreted by yellow yolky follicles to suppress 
FSH secretion. This is most likely to be oestrogen, since oestrogen has highly 
inhibitory effects on hen FSH pituitary content and release (Dunn et al., 2003). It is 
concluded that the regression of the ovary in old out-of-lay broiler breeder hens 
results in a lifting of inhibitory feedback effects of oestrogen and consequently FSHI3 
mRNA and FSH release is stimulated, at least in part, by low chGnRH-I pulse 
frequency. 
8.2.4 Role of pituitary follistatin, act! yin and ovarian inhibin in the 
regulation of FSH release in broiler breeder hens 
A reduction in plasma inhibin in old out-of-lay hens may also account, in part, for 
the increase in FSHj3 mRNA (Ahn et al., 2002) and constitutive FSH release. 
Evidence that ovarian inhibin secretion is reduced in the out-of-lay hen is suggested 
by the observation that pituitary follistatin mRNA increases as, in the rat, inhibin 
suppresses follistatin gene transcription (Prendergast et al., 2004) and a similar 
mechanism may be operational in the broiler hen. Inhibin is likely to reduce FSH 
secretion from the pituitary by interfering with activin receptor signaling (see chapter 
1, section 1.5). Despite an increase in follistatin mRNA in out-of-lay hens (Fig 8.1c), 
which may have resulted in an increase in pituitary follistatin protein, free activin B 
protein would bind more efficiently to pituitary activin receptors as a consequence of 
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reduced circulating inhibin, resulting in increased FSHO mRNA and FSH release 
(Fig 8.2). 
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Figure 8.2 Proposed intra-pituitary mechanism controlling FSH release in the laying and out-
of-lay broiler breeder hen. a). In the laying broiler breeder hen circulating inhibin secreted by 
the ovary binds to activin receptor II (ActRil) facilitated by inhibin's affinity for betaglycans 
present on pituitary cells. This interferes with activin signaling and little activin stimulated 
FSH release occurs. b). In the out-of-lay state there is little, if any, circulating ovarian 
inhibin. This results in increased follistatin protein that binds activin and neutralises the 
molecules bioactivity. Remaining free activin that is not bound to follistatin can bind to 
activin receptor and stimulate second messenger systems that induce constitutive FSH 
release. See chapter 1, sections 1.5 and 1.6 for further details on this mechanism. 
The proposed reduction in chGnRH-I pulse frequency in old broiler hens would be 
expected to reduce pituitary follistatin and increase pituitary activin (Beseck et al., 
1996; chapter 1, section 1.5). This view is supported by the finding in vitro that 
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follistatin mRNA increase in pituitary gland fragments exposed to pulsatile chGnRH-
I while activin OB mRNA was non-significantly lower (chapter 7). The observation 
that activin 13a mRNA was not lowered significantly may be explained by the 
possibility that there is no direct relationship between activin fl B mRNA and activin 
B protein. In contrast, there is good reason to suppose pituitary follistatin mRNA is 
directly related to pituitary follistatin content. For example, the increase seen in 
chGnRH-I mRNA after re-instating ad libitum feeding in broiler breeder hens was 
associated with increased pituitary follistatin mRNA and decreased plasma FSH 
while pituitary FSHj3 and activin fl B mRNA content remained unchanged. 
Furthermore, follistatin mRNA was increased in pituitary fragments exposed to 
pulsatile chGnRH-Iwhile FSHj3 mRNA remained unchanged. Conversely, in studies 
in vitro increased FSHj3 mRNA observed in broiler hen pituitary gland fragments 
exposed to pulsatile chGnRH-I was not associated with a change in follistatin mRNA 
(chapter 7). If the increase in follistatin mRNA is a reflection of increased pituitary 
follistatin protein then follistatin may play a functional role in suppressing FSH 
function possibly by neutralising locally released activin, which is not tightly 
correlated with the pituitary content of activin !3B mRNA. 
8.2.5 The role of FSH in maintaining ovarian function in ageing broiler 
breeder hens 
In this Thesis it was found that in the old out-of-lay broiler breeders and in the 
incubating hen there is an increase or no change in plasma FSH associated with the 
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regression of the ovary and cessation of egg laying. These observations are 
counterintuitive since increased or maintained plasma FSH might be expected to 
support or stimulate yellow yolky follicular growth. The fact that the ovary regresses 
even when plasma FSH is not depressed may be due a change in FSH isoform 
secretion (Chapter 1, section 1.2. 1) and/or a reduction in the responsiveness of the 
ovary to FSH due to a reduction in ovarian FSH receptor. 
Both increased mGnRH-I release and oestrogen stimulate the secretion of less 
acidic FSH isoforms with increased biological activity (Ulloa-Aguirre et al., 1995). 
It is suggested that a decrease in chGnRH-I release and plasma oestrogen in the 
incubating and old out-of-lay hens, may result in a shift in the balance of FSH 
isoforms with an increase in the secretion of the more acidic forms. These may be 
less biologically active and consequently may not be as effective in stimulating and 
maintaining ovarian development in incubating and old out-of-lay hens. 
8.2.6 GnRH-I regulation of LH/3 and a-subunit gene expression and 
plasma LH in broiler breeder hens 
The reduction in plasma LH in old broiler breeder hens, which is suggested to be 
causally related to an age-related reduction in chGnRH-I pulse frequency, was 
correlated with reduced pituitary a-subunit mRNA but not LH3 mRNA. Conversely, 
increased plasma LH, induced by exposure to 3 long days in female quail (chapter 6) 
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or by ad libitum feeding after food restriction in broiler breeder hens (chapter 4) was 
associated with increased in hypothalamic GnRH-I gene expression and pituitary a-
subunit, but not LHI3 mRNAs. These observations highlight a difference in the 
response of GnRH-I neurone to inhibition and stimulation. While stimulation of 
GnRH-I release is associated acutely with increased GnRH-I mRNA, the inhibition 
of GnRH-J release is not associated with an acute decrease in GnRH-I mRNA. It 
appears that the inhibition and stimulation of the avian GnRH-I neurone is 
mechanistically distinct. 
The data raise the possibility that in birds a-subunit biosynthesis is the rate limiting 
step for LII release. This conclusion is supported by studies in vitro using cockerel 
pituitary fragments, showing that pulsatile chGnlRH-I stimulates LH release and a-
subunit but not LH3 mRNAs (chapter 8). This finding is consistent with the findings 
using cultured turkey (Foster and Foster, 1991) and duck (Hsieh et al., 2001) 
pituitary glands that chGnRH-I treatment elevated a-subunit mRNA, while, in the 
chicken, injections of chGnRH-I analogues had no effect on LH3 mRNA (Marsden 
et al., 1994). Studies in the male Japanese quail also show that plasma LH is 
correlated with pituitary a-subunit but not LHI3 mRNAs (Kobayashi et al., 2002; 
Kobayashi and Ishii, 2002; Kobayashi et al., 2004). This may reflect differences in 
the roles of pituitary glycoprotein a and LH3 subunit synthesis as limiting factors for 
LII secretion in mammals and birds. In mammals, the common a subunit protein is 
always in excess of the LH3 subunit protein (Shupnik, 1996; Nilson et al., 1983) 
while in the rat, pituitary concentrations of common a-subunit mRNAs are 3- to 4 
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fold greater than levels of LHI3 (Haisenleder etal., 1987, Papavasiliou et al., 1986). 
The synthesis of gonadotrophin 3 subunit is therefore seen as the limiting factor for 
mammalian gonadotrophin synthesis (Gharib et al., 1990). In contrast, in the 
chicken the pituitary content of a- and j3-subunit mRNAs of LH were expressed in 
equimolar amounts (e.g. Chapter 3, Figure 3.5a: pituitary content, 10-14  moles; 
Chapter 4, Fig 4.3a 10-13  moles). It is also possible that common a-subunit 
synthesis may be a rate limiting step for LH release in other lower vertebrates such as 
the African catfish (C!arias !azera) where salmon GnRH-I does not stimulate LHI3 
mRNA (Rebers et al., 2002). However, conclusions on the role a-subunit mRNA 
production as a rate limiting LH release in birds must be drawn with caution as other 
anterior pituitary glycoproteins, FSH and TSH, also include the a-subunit. 
Furthermore, the mammalian pituitary secretes free a-subunit protein that can be 
stimulated by mGnRH-I (Weiss et al. 1990a), which is a better indicator of fast 
mGnRH-I pulse frequency than LH secretion (Hayes etal. 1999). Therefore, it 
appears, at the very least, that measurements of pituitary a-subunit mRNA are a 
better indicator than measurements of LH3 mRNA of the chGnRH-I stimulation of 
plasma LH and ovarian development. 
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8.2.7 Ovarian control of LH/3 biosynthesis in ageing broiler breeder 
hens 
Changes in plasma LH induced by experimental manipulation of reproductive 
condition in this Thesis were not associated with a change in LH/3 mRNA. It is 
therefore surprising that a decreased plasma LH in old broiler hens was associated 
with a decrease in LH$ subunit mRNA. Since progesterone receptor is present in LH 
cells in laying hens (Gasc and Baulieu, 1988) prolonged exposure of the pituitary 
gland to increased concentrations of plasma progesterone from the largest F1-F3 
follicles of the hen ovary during a laying year (Furr, 1973;Williams, 1977) may be 
responsible for this decrease in LHj3 subunit mRNA. In support of this view, studies 
in sheep show that progesterone decreases the stability of LH3 mRNA by shortening 
of the poly-A tail (Crawford and McNeilly, 2002). Alternatively, progesterone may 
decrease LHfl subunit by inhibiting GnRH receptor as demonstrated in sheep 
(Sakurai et al., 1997). A similar mechanism in the broiler breeder hen, might be 
responsible for the reduction in gonadotroph sensitivity to chGnRH-I in ageing birds 
(Sharp et al., 1992). The increase in LHj3 mRNA in old out-of-lay hens could be due 
to the lifting of these inhibitory effects of progesterone and was not associated with 
an increase in plasma LH. Reduced plasma LR in old out-of-lay birds is associated 
with decreased a-subunit mRNA (Fig 8.1c), which further supports the view that a-
subunit mRNA is the rate limiting step in LH release in the broiler breeder hen. 
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8.2.8 Roles of GnlH in the loss of ovarian function in ageing broiler 
breeder hens 
In addition to the possibility that a reduction chGnRH-I release contributes to the 
reduction in plasma LH in old laying broiler breeders, the novel RFamide, GnIH may 
also play a role by suppressing pituitary a-subunit mRNA and constitutive LH 
release. This suggestion is supported by the observation in vitro that the GnIH 
inhibition of LH release from cockerel pituitary fragments was associated with 
reduced a-subunit mRNA but not LHfl mRNA (chapter 7). It is therefore possible 
that Gnll{ release increases in old laying broilers causing a reduction in a-subunit 
mRNA and reduced constitutive LH release. This may explain why, in old laying 
broiler breeder hens, chGnRH-I injection is less effective in stimulating LH release 
than in young laying broilers (Sharp et al., 1992). A GnIH induced reduction in a-
subunit mRNA in old laying hens may also explain a reduction in plasma FSH. 
However, if an increase in GnIH neuronal activity does contribute to the age-related 
loss of reproductive function in broiler breeder hens it is unlikely to involve a direct 
effect on GnIH gene expression or GnIH mRNA stability since hypothalamic GnIH 
mRNA concentrations were the same in young laying, old laying and old out-of-lay 
broiler breeders. 
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8.2.9 The development of photorefractoriness and age-related loss of 
ovarian function in broiler breeder hens 
The reproductive system is one of the first body systems to show an age-related 
decline in function, with failing reproductive function in females evident in most 
species long before the end of the life span (Brann and Mahesh, 2005). There is a 
growing body of evidence to suggest that a hypothalamic defect underlies 
reproductive senescence (chapter 1, section 1.7). A defect in hypothalamic 
function in old laying broiler breeder hens may result in a decrease in chGnRH-I 
and/or an increase in GnIH release. 
The age-related loss of reproductive function in broiler breeders can be ascribed to 
age per Se, the development of photorefractoriness or the duration of the laying 
period a combination of all three phenomena. A photoperiodic study in broiler 
breeder hens indicates that age per se is more in addition to the development of 
photorefractoriness is responsible for reduced egg production at the end of a laying 
year (Dunn and Sharp, 1992) but a role for the development of photorefractoriness 
can not be discounted. 
Reduced reproductive function in some photoperiodic birds, such as quail and 
chickens, exposed to long days for a prolonged period is due to the development of 
a form of photorefractoriness described as "relative" (chapter 1, section 1.10). This 
is thought to be due to a reduction in chGnRH-I release at the level of the median 
eminence rather than to a reduction in chGnRH-I biosynthesis (Dawson et al., 2001). 
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This view is supported by the observations in old laying hens where reduced plasma 
LH was not associated with reduced hypothalamic chGnRH-I mRNA (chapter 3) or 
chGnRET-I peptide content (Sharp et al., 1992). In addition to a decrease in 
chGnRH-I functional activity, an increase in GnJH release could equally be 
implicated in the development of photorefractoriness in old hens. In support of this 
view, Gnffl-containing neurones are increased in seasonally breeding song sparrows 
at the termination of the breeding season (Bentley etal., 2003). If this occurs in the 
photorefractory old laying broiler breeder hen then an increase in GnIH neuronal 
activity may be mediated at the post-transcriptional level possibly by increasing the 
processing of pre-proGnlH protein or decreasing the degradation of Gnffl, since the 
amount of hypothalamic GnIH mRNA did not increase in ageing broiler breeders. 
The decrease in egg production at the end of a laying year in a broiler breeder flock 
may not be due to age per se but a consequence of the duration of the laying period, 
resulting in reproductive "exhaustion". Prolonged exposure of the hypothalamic-
gonadotroph axis to ovarian hormones may mediate this suggested mechanism since, 
in young female rats, chronic oestrogen exposure reduces mGnRH-I neuronal 
function and attenuates LH release similar to that observed in aged female rats (Tsai 
and Legan, 2002). Alternatively, it is possible that the sensitivity of hypothalamus 
and pituitary gland to the inhibitory effects of ovarian hormones such as 
progesterone may increase in ageing broiler breeder hens. Yellow yolky ovarian 
follicle increase in size as laying hens become older (Williams and Sharp, 1978), and 
since these follicles are the primary source of progesterone in hens progestrone may 
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contribute to reducing neuroendocrine reproductive function in ageing laying hens. 
In support of this view, the progesterone induced pre-ovulatory LH surge is reduced 
in ageing hens (Williams and Sharp, 1978). 
8.3 Future perspectives 
This Thesis has generated several observations that require further investigation to 
fully understand their functional implications. To test the hypothesis that chGnRH-I, 
GnRH-II and GnIH pulse frequency controls gonadotrophin subunit mRNAs and LH 
and FSH release differentially, additional studies in vitro should be carried out using 
pituitary cells exposed to a wide range of chGnRH-I, GnRH-II and GnIH pulse 
amplitude and frequencies. Further work is needed to establish whether 
activinlfollistatin are involved in the regulation of FSH secretion in the chicken. It 
remains to be shown that activin and follistatin protein are produced in the chicken 
pituitary gland and that activin and follistatin interact to control FSH secretion using 
cultured chicken pituitary cells. Studies in vitro should be extended to the use of 
RNAi technology to inhibit pituitary follistatin and activin flB gene expression in 
order to provide an insight into the role these intra-pituitary factors play in the 
regulation of FSH$ mRNA and FSH secretion. The novel finding that pituitary a-
subunit mRNA rather than LHfl mRNA is correlated with LH release in several 
reproductive states in the chicken should be followed through with further work to 
establish that pituitary a-subunit protein content correlates with these observed 
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changes in a-subunit mRNA. A specific chicken antibody raised against pituitary a-
subunit protein, should be developed to facilitate this investigation. Finally, the 
possibility that GnIH inhibits constitutive LH and FSH release should be confirmed 
by immunising chickens against GnIH. 
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Abstract 
Egg production declines with advancing age in the domestic chicken and this is particularly pronounced in breeding stocks of 
meat type hens (broiler breeders). The objective of this study was to establish whether declining egg production with reproductive 
ageing in broiler breeders is correlated with plasma LH and FSH, and with mRNAs encoding hypothalamic gonadotrophin-releas-
ing hormone-1 (GnRH-I), gonadotrophin inhibitory hormone (GnIH), and gonadotrophin subunits. Comparisons were made 
between hens at the peak of egg laying (young: 30 weeks) and at the end of a laying year (old: 60 weeks). Old hens were subdivided 
into laying and out-of-lay groups. Plasma LH and FSH were lower in old than in young laying hens. Compared with old laying hens, 
old out-of-lay hens had significantly increased plasma FSH but not plasma LH. There were no differences in total hypothalamic 
GnRH-I and GnIH mRNAs between young and old hens. In old laying hens, the decrease in plasma LH was correlated with 
decreased gonadotrophin ct-subunit but not LHI mRNAs. The decrease in plasma FSH was not associated with a change in FSHI3 
mRNA. In old out-of-lay hens, the increase in plasma FSH was correlated with increased FSH3 mRNA, while unchanged plasma 
LH was associated with increased LH3 mRNA. A regression analysis of all plasma gonadotrophin and gonadotrophin subunit 
m-RNA data collected from the study demonstrated that plasma LH is correlated with ct-subunit but not LHI3 mRNAs, while plasma 
FSH is correlated with FSHP but not ct-subunit mRNAs. It is concluded that the decrease in the rate of lay in ageing broiler breeders 
is not correlated with decreased GnRH-I mRNA nor with increased GnIH mRNA, but it is related to a decrease in ct-subunit 
mRNA which may account for the associated reduction in plasma LH but not FSH. 
© 2005 Elsevier Inc. All rights reserved. 
Keywords: GnRH-I; GnIH; Gonadotrophin subunits; LH; FSH; Reproductive ageing 
1. Introduction 
As the domestic hen becomes older, egg production 
progressively decreases and this loss of reproductive 
function is particularly pronounced in broiler breeder 
hens reared to produce chickens for meat consumption. 
Egg production is highest in broiler breeders at 5-7 
months of age (Robinson et al., 1993; Sharp et al., 1992). 
The subsequent decrease in egg laying is associated with 
a reduced recruitment of ovarian follicles into the yel-
low-yolky follicular hierarchy (Palmer and Bahr, 1992; 
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Waddington et al., 1985), decreased plasma and pituitary 
LH, and decreased LH responsiveness to GnRH (Sharp 
et al., 1992). Decreased plasma LH in old laying or out-
of-lay hens is not associated with reduced hypothalamic 
GnRH-I peptide (Sharp et al., 1992). Similarly, 
decreased plasma LH in incubating hens with regressed 
ovaries is not associated with decreased GnRH peptide 
but is associated with decreased hypothalamic GnRH-I 
mRNA (Dunn et al., 1996), which suggests that the 
decrease in ovarian function in old laying hens could be 
mediated by a reduction in GnRH mRNA transcription 
and/or stability. The discovery of a putative avian 
gonadotrophin inhibitory hormone (GnIH, Tsutsui 
et al., 2000) presents a new possibility that reduced 
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plasma LH in ageing laying hens could be a consequence 
of increased GnIH release. This view is strengthened by 
the observation that increased GnIH mRNA is associ-
ated with depressed plasma LH in incubating hens 
(Ciccone et al., 2004). 
Nothing is known in the domestic hen about the rela-
tionship between reproductive neuroendocrine gene 
expression and naturally reduced or terminated egg lay-
ing. In Japanese quail, testicular regression induced by 
food withdrawal or transfer from long to short days is 
associated with decreased a-subunit mRNA (Kobayashi 
and Ishii, 2002; Kobayashi et al., 2004) and decreased 
plasma LH (Kobayashi et al., 2004). Food withdrawal 
also results in decreased pituitary LHP and FSHP sub-
unit mRNAs (Kobayashi and Ishii, 2002). Both the LHI3 
and a-subunit mRNAs are likely to be regulated by an 
inhibitory action of oestrogen since in the chicken these 
mRNAs are increased after ovariectomy, while ovariec-
tomy and oestrogen replacement prevent this increase in 
gonadotrophin mRNAs (Terada et al., 1997). 
The objective of this study was to establish whether 
declining egg production with reproductive ageing in 
broiler breeders is correlated with plasma LH and FSH, 
and with mRNAs encoding hypothalamic gonadotro-
phin-releasing hormone-I (GnRH-I), gonadotrophin 
inhibitory hormone (GnIH), and gonadotrophin sub-
units. 
2. Materials and methods 
2.1. Birds and sample collection 
Hens were obtained from a flock of young pedigree 
broiler breeders (Cobb Vantress) at peak-of-lay at 30 
weeks of age and from a flock of old hens of the same 
breed at 60 weeks of age. The birds were reared and 
maintained on a commercial restricted feeding pro-
gramme, as recommended by Cobb Vantress, to maxi-
mise egg laying and were held on 16 h light and 8 h dark 
in floor pens. The hens in both flocks started laying at 
22-24 weeks of age. 
OR 
	
To determine the effect of reproductive ageing on the 
distribution of yellow-yolky follicles (YYFs) greater 
than 8mm in the ovary and the proportion of hens out-
of-lay, 30 hens were selected at random from the old 
flock and 15 hens from the young flock. 
Observations on the relationship between plasma 
gonadotrophins and reproductive neuroendocrine 
mRNAs were made on the 15 hens taken from the young 
flock for the analysis of the distribution of YYFs, and on 
12 old laying and 15 out-of-lay hens selected from the 
old flock by palpation of the pelvic bones which are 
softer and more widely spread in laying than in out-of-
lay hens. Reproductive condition was assessed by dissec-
tion: out-of-lay hens were characterised by the absence 
of hierarchical YYFs larger than 8mm diameter and 
regressed oviducts in out-of-lay hens (n = 15), while lay-
ing hens were characterised by the presence of 5-7 YYFs 
in the ovaries and fully developed oviducts (n = 12). All 
15 young hens randomly sampled had 5-9 YYFs in their 
ovaries. Oviduct and residual ovarian weights were 
recorded after removal of follicles larger than 8 mm. 
Pituitary glands and whole hypothalami were dissected 
into 1 ml of "RNA later" (Ambion, Huntingdon, Cam-
bridgeshire, UK) before transport to the laboratory 
where they were stored at —80°C until RNA extraction. 
The hypothalamus was dissected as described by Lai 
et al. (1990), and contained the GnRH-I (Dunn et al., 
1996) and GnIH cell bodies (Tsutsui et al., 2000) and 
their terminals in the median eminence. 
2.2. RNA extraction and reverse transcription 
Total RNA was extracted from neuroendocrine tis-
sues using Matrix D lysing matrix (Q-biogene-Alexis, 
Bingham, Nottingham, UK) in a FastPrep FP120 
homogeniser (Q-biogene-Alexis, Bingham, Nottingham, 
UK). Pituitary glands were extracted in 600 j.tl Trizol 
(Invitrogen Life Technologies, Paisley, UK) and the 
hypothalamus in 1 ml Trizol. Final precipitation of pitui-
tary RNA was facilitated by addition of 2 ill glycogen 
solution (20 mg/ml, Roche Diagnostics, East Sussex, 
UK). The total RNA pellet was briefly dried under vac-
uum and was reconstituted in 100-150j.tl dH 20. The 
yield of RNA was quantified by measuring the optical 
density of a sample diluted to 1:50 at 260 and 280 nm, 
and its quality was checked by running a sample on a 
formaldehyde gel. 
Samples of total RNA (4 til) were reverse transcribed 
using a First Strand synthesis kit (Amersham Pharmacia 
Biotech UK, Little Chalfont, Buckinghamshire, UK) fol-
lowing the manufacturer's instructions. 
2.3. Quantitative competitive QC RT-PCR assays for 
quantification of neuroendocrine mRNA genes 
Chicken hypothalamic GnRH-I mRNA was mea-
sured by quantitative competitive RT-PCR (QC RT-
PCR) as described by Dunn et al. (1996). GnIH and 
pituitary gonadotrophin a, FSH3, and LHP subunit 
mRNAs were also measured using QC RT-PCR as 
described by Ciccone et al. (2004). 
2.4. Gonadotrophin radioimmunoassays 
Blood samples for gonadotrophin radioimmunoassay 
were taken from a brachial vein using a heparinised 
syringe. Plasma fractions were stored at —20°C. 
Plasma FSH was measured as described by Krishnan 
et al. (1993) and plasma LH as described by Sharp et al. 
(1987). Plasma samples were measured in single assays. 
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The intra-assay coefficients of variation for the FSH and 
LH assays were 8.0 and 5.2%, respectively. 
2.5. Statistical analysis 
All statistical analyses were carried out using Genstat 
6th edition (VSN International, Oxford) unless other-
wise indicated. Differences between experimental groups 
were considered significant at p < 0.05 or as otherwise 
indicated. One-way ANOVA was performed followed by 
least significance difference or unpaired t-tests if appro-
priate to test for significance between means. Analyses of 
tissue weights were performed using body weight as a 
co-variate in a one-way ANOVA. Plasma LH and FSH, 
and neuroendocrine mRNA data were log-transformed 
to normalise variance. The relationships between all 
plasma gonadotrophins and gonadotrophin subunit 
mRNAs measurements were analysed using least-square 
regression analysis (Minitab 14 (www.minitab.com)) 
with the proportion of variance explained by the model 
and the significance values of the fit (r2 and p values). 
3. Results 
3.1. Survey of reproductive status in young and ageing 
flocks 
An analysis of the numbers of YYFs more than 8 mm 
in diameter in 30 old hens selected at random within the  
sample flock showed that, compared with the young 
flock, there is a shift in the distribution of the numbers of 
YYFs greater than 8 m to a lower median, from 5 to 7 
YYFs (Fig. 1). Of the 30 hens selected at random from 
the old flock, 4 (13%) were out-of-lay as indicated by the 
absence of YYFs greater than 8 mm and regressed ovi-
ducts. No young hens selected at random were out-of-lay 
(Fig. 1). 
3.2. Comparison of body weight and ovarian morphology 
in young and ageing hens 
Body and pituitary weights were higher in old than in 
young laying hens, but were lower in old out-of-lay than 
in old laying hens selected for neuroendocrine mRNAs 
and plasma gonadotrophin measurements (Table 1). The 
mean number YYFs greater than 8 mm in diameter in 
the ovary of young laying hens was significantly higher 
than in old hens (Table 1). 
Residual ovary weight was the same in young and old 
laying hens but was greater than out-of-lay hens, and the 
oviducts of young laying hens were heavier than old lay-
ing hens (Table 1). 
3.3. Comparison of plasma gonadotrophins in young and 
ageing hens 
Plasma LH was higher in young than in old birds, 
while there was no difference in plasma LH between old 
laying and out-of-lay hens (Fig. 2). Plasma FSH was 
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Fig. 1. Comparison of the numbers of yellow-yolky ovarian follicles greater than 8 m in diameter in (A) young (30 weeks) and (B) old (60 weeks) 
broiler breeder hens sampled from a commercial flock. 




Body, pituitary, ovary, and oviduct weights, and numbers of >8 mm 
YYFs of young laying (30 weeks), old laying (60 weeks), and old out-
of-lay (60 weeks) broiler breeder hens (means ± SEM) 
Young laying Old laying 	Old out-of-lay 
(n= 15) 	(n= 12) (n= 15) 
Body weight (kg) 3.57 ± 0.05a 5.11 ±0.19b 4.35 ± 0.14c 
Pituitary weight (mg) 9.70 ± 0.25' 11.87 ± 0. 61e 9.67 ± 039d 
YYFs (>8 mm) 6.76 ± 0.26 5.92 ± 0.239  0 
Residual ovary (g) 10.05 + 0 .62a 9.53 ± 0.74k' 4.60 ± 040b 
Oviduct (g) 65.40 + 3.15a 4142 ± 161b 1.79 ± 0 . 31c 
Means within row followed by different superscripts are significantly 
different, a.b.cp  <0.001, d.ep  <0.05, by analysis of variance and least-sig-
nificant differences using body weight as a co-variant. Significantly 
different, p < 0.05, using unpaired f-test. YYFs, number of yellow-














Young 	 Old 	 Old 
Laying Laying 	Out-of-Lay 
Fig. 2. Comparison of plasma LH and FSI-1 in young laying (n = 15), 
old laying (n = 12), and old out-of-lay (n = 15) hens. Means ± SEM. 
For each hormone: a vs. b; p <0.001, a vs. c; p <0.01, b vs. d; p <0.05. 
Statistical significance by unpaired f-test if one-way ANOVA revealed 
significant differences between means on log transformed data. 
higher in young than in old laying hens, while plasma 
FSH in old out-of-lay hens was higher than in young or 
old laying birds (Fig. 2). 
3.4. Comparison of reproductive neuroendocrine mRNAs 
in young and ageing hens 
There were no differences in hypothalamic GnRH-1 
nor GnIH mRNAs between young and ageing hens irre-
spective of whether they were laying or out-of-lay (Fig. 
3A). To account for differences in pituitary weight 
between groups gonadotrophin subunit mRNAs were 
expressed as a concentration (mollmg pituitary gland). 
The concentration of a-subunit mRNA was higher in 
young than in laying or out-of-lay old hens and was not  
(Fig. 3B). The concentration of pituitary LHI3 mRNA 
was higher in young than in old laying hens (Fig. 3B) 
and was higher in old out-of-lay than in young or old 
laying hens (Fig. 3B). Pituitary FSHI3 subunit mRNA 
concentration did not differ between young and old lay-
ing hens but was higher in old out-of-lay hens than in 
young or old laying hens (Fig. 3B). 
3.5. Correlation of plasma gonadotrophin and pituitary 
mRNA concentration 
Plasma FSH was correlated with pituitary FSHI3 
mRNA (Fig. 4A) but not with cf-subunit mRNA concen-
tration (Fig. 4B), while plasma LH was correlated with 
pituitary a-subunit mRNA (Fig. 413) but not with LH1 
mRNA concentration (Fig. 4C). Regression analysis 
showed that 52% of the variation, in plasma LH was 
explained by the a-subunit mRNA concentration. 
4. Discussion 
This study shows that reduced egg production in lay-
ing ageing broiler breeder hens is associated with a 
reduction in YYFs over 8 mm diameter, and in reduced 
plasma LH and FSH. The reduction in numbers of 
YYFs and in plasma LH agrees with a previous study in 
ageing dwarf broiler breeders (Sharp et al., 1992), but a 
reduction in plasma FSH in ageing laying hens has not 
been previously reported. It is therefore likely that 
reduced ovarian function in ageing hens is caused by a 
reduction in gonadotrophin secretion. The finding that 
there were no differences in GnRH-I and GnIH mRNAs 
between young and old laying hens suggests that 
changes in the synthesis of GnRH-I and GnIH are not 
the immediate cause of decreased gonadotrophin secre-
tion in old laying hens. 
The absence of a decrease in hypothalamic GnRH-I 
mRNA in old laying hens is consistent with an earlier 
finding that hypothalamic GnRH-I peptide content does 
not decrease with decreased egg laying in ageing dwarf 
broilers (Sharp et al., 1992). However, the absence of a 
decrease in GnRH-I mRNA in ageing broiler hens does 
not imply that changes in GnRH-I release are not 
responsible for decreased gonadotrophin secretion. This 
is supported by an observation on a mammalian GnRH 
cell line (GT1), where steady state levels of GnRH 
mRNA do not correlate with GnRH release (Pitts et al., 
2001). 
In ageing female rats and women, GnRH pulse fre-
quency is reduced (Rossmanith et al., 1991; Rubin and 
Bridges, 1989), and a similar decrease in GnRH pulse 
frequency may explain the changes in plasma FSH and 
LH in old out-of-lay hens. The observation that plasma 
FSH, but not LH increases in old out-of-lay hens is 
r. t1. 	 nA,.A in 
24 	 N.A. C'iccone etal. / General and Comparative Endocrinology 144 (2005) 20-27 
A 	Gonadotrophin releasinglinhibitory 
hormones mRNA content 








Young 	Old 	Old 
Laying Laying 	Out-of-Lay  
B Gonadotrophin subunit 
mRNA Concentration 
Common a (x10-15 moles) 
LH(x1O-15 moles) 
a 8 	FSH (xlO-14 moles) 
a 
IT 	 C 
U, II 
U, 	iI I 
I ll 
lUa Ix bH  CI 
U) I 
CI
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Fig. 3. Comparison of (A) amounts of hypothalamic GnRH-1 and GnIH mRNAs and (B) pituitary concentrations of gonadotrophin subunit 
mRNAs in young laying (n = 15), old laying (n = 12), and old out-of-lay (ii = 15) hens. Means ± SEM. Different superscripts above bars, within each 
mRNA group, indicate a statistically significant difference, p < 0.001, by least significant difference and ANOVA after logarithmic transformation of 
data. 
hens by feed deprivation is also associated with 
increased plasma FSH but not LH (Lovell et al., 2000; 
Vanmontfort et al., 1994). Changes in GnRH pulse fre-
quency with advancing age may also explain why ovar-
ian regression was associated with increased plasma 
FSH but not LH (Fig. 2). In mammals, a fast GnRH 
pulse frequency preferentially stimulates LH release 
whereas a slow GnRH pulse frequency stimulates FSH 
release (Dalkin et al., 1989; Kaiser et al., 1997). In post-
menopausal women reduced GnRH pulse frequency 
(Rossmanith et al., 1991) may explain why serum FSH 
levels are elevated (Rubin, 2000) while LH levels 
decrease (Matt et al., 1998). The same mechanism may 
apply to ageing out-of-lay hens. This leaves the ques-
tion of why plasma FSH is not elevated in ageing lay-
ing hens. It is suggested that this may be a consequence 
of high circulating concentrations of plasma oestrogen, 
relative to out-of-lay hens (Tanabe et al., 1981), which 
exert a greater inhibitory effect on FSH than LH pitui-
tary content (Dunn et al., 2003) resulting in FSH secre-
tion being more sensitive to the inhibitory action of 
oestrogen than LH secretion. 
The present study shows that pituitary FSHP subunit 
mRNA concentrations are higher in out-of-lay than in-
lay hens and this may also be a consequence of reduced 
GnRH pulse frequency and plasma oestrogen. 
The inhibitory effects of oestrogen on gonadotrophin 
secretion could be either at the level of the anterior pitui-
tary or the hypothalamus. There is evidence in birds that  
oestrogen on gonadotrophin secretion, as demonstrated 
in adult male Japanese quail, where oestrogen treatment 
reduces basal release of GnRH-I from the hypothalamus 
in vitro (Li et al., 1994). Further, in the cockerel, hypo-
thalamic GnRH-I peptide is increased by treatment with 
the anti-oestrogen, tamoxifen (Rozenboim et al., 1993), 
while GnRH-I peptide (Wilson et al., 1990) and GnRH-I 
mRNA (Dunn and Sharp, 1999) are suppressed in juve-
nile birds after treatment with oestrogen. At the level of 
the anterior pituitary in mammals, FSHI3 subunit gene 
transcription is highly sensitive to the inhibitory effect of 
oestrogen (Miller and Miller, 1996; Phillips et al., 1988) 
and this may be the case in the chicken since in the juve-
nile hen, pituitary FSH content is more responsive to the 
depressive action of oestrogen than is LH content (Dunn 
et al., 2003). The observation that LHI3 mRNA was 
increased in out-of-lay compared to laying hens may 
also be ascribed to reduced circulating oestrogen, since 
oestrogen depresses avian LHtI mRNA (Terada et al., 
1997). In out-of-lay birds, a reduction in oestrogen may 
remove an inhibitory effect on LHP mRNA. 
The increase in pituitary FSHj mRNA and plasma 
FSH in old out-of-lay hens may not only be due to 
decreasing oestrogen and GnRH pulse frequency but 
also to a fall in circulating ovarian inhibin derived from 
the hierarchical YYFs (Johnson, 1993). Evidence for this 
comes from the inverse relationship between the pres-
ence of YYFs and, therefore, inhibin and circulating 
FSH (Johnson et al., 1993; Lovell et al., 2000; Vanmont- 
fnrtetaL 1994) 
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Fig. 4. Linear regression analysis of the relationship between plasma gonadotrophins and pituitary gonadotrophin subunit mRNA concentrations 
for all hens in the study. (A) Plasma FSH versus FSHI3 mRNA, (B) plasma FSH versus ot mRNA, (C) plasma LH versus LH1 mRNA, and (D) 
plasma LH plasma versus cm mRNA. Data were log transformed; values for the coefficient of determination (the proportion of the variation 
explained by the fit) r2 and probability values associated with the F test of the relationship between the fitted values for each regression analysis are 
shown. 
KIM 
This study shows that pituitary FSH3 mRNA but not 
a-subunit mRNA concentration is positively correlated 
with plasma FSH (Fig. 4A) and supports the view that 
avian FSH (Hattori et al., 1986), like mammalian FSH 
(Farnworth, 1995) is in large part, constitutively 
released. Hattori et al. (1986) showed in quail that pitui-
tary glands treated with hypothalamic extracts released 
more FSH than was initially present. Further, FSH but 
not LH secretion continued after the glands were col-
lected and incubated in vitro. Similar observations have 
been reported in mammals (Kartun and Schwartz, 1987). 
These studies demonstrate that LH and FSH are differ -
entially controlled and that LH secretion is more imme-
diately dependent on the stimulatory action of GnRH 
than is FSH. This raises the possibility that an unidenti-
fied hypothalamic factor differentially controls FSH and 
LH secretion. The recently discovered avian hypotha-
lamic RFamide gonadotrophin inhibitory hormone, 
GnIH (Tsutsui et al., 2000), is a potential candidate for 
this undiscovered factor in birds. 
In the chicken, GnIH suppresses pituitary FSHf and 
CL-subunit mRNAs, and the secretion of LH and FSH in 
vitro (Ciccone et al., 2004), while increased GnIH 
mRNA (Ciccone et al., 2004) and GnIH peptide (Tsut- 
------ __.3 	 ,,tl,  
ovarian regression in incubating hens. An increase in 
GnIH mRNA in ageing laying hens might, therefore, 
explain the decrease in plasma LH and FSH. However, 
since there was no change in GnIH mRNA between 
young and old or laying and out-of-lay hens this seems 
unlikely. However, it is possible that an increase in 
GnIH secretion may occur in ageing hens independent 
of a change in GnIH mRNA. 
Of particular interest was the observation that con-
centrations of plasma LH were correlated with concen-
trations of cL-subunit but not LH3 subunit mRNA. A 
direct relationship between (Y-subunit mRNA and 
plasma LH has been observed previously in quail 
deprived of food (Kobayashi and Ishii, 2002) or after 
transfer from long to short days (Kobayashi et al., 
2004). These findings suggest that in birds unlike mam-
mals, cL-subunit synthesis may be the rate limiting step 
for LH release. In mammals, ct-subunit mRNA is 
always in excess of LHI3 mRNA (Nilson et al., 1993; 
Shupnik, 1996) implying that LHI3 mRNA production 
is the rate limiting step for LH release. However, this 
does not apply to the hen where a-subunit mRNA and 
LHI3 subunit mRNA are present in the pituitary in 
equimolar amounts (pituitary content, 10 5 mol, 
1.r, R\ 
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In conclusion, this study demonstrates that the 
decline in reproductive performance in ageing laying 
broiler breeders is correlated with a decrease in both LH 
and FSH secretion but not with decreased GnRH-I 
mRNA or with increased GnIH mRNA. Observations 
on the relationship between plasma FSH and concentra-
tion of FSH3 subunit mRNA support the view that FSH 
secretion is largely constitutive, as in mammals, but 
unlike mammals, the expression of a-subunit mRNA, 
rather than LHI3 mRNA may be the rate limiting step in 
avian LH secretion. 
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Light intensity can influence plasma FSH and age at sexual maturity in 
domestic pullets 
P.D. LEWIS, N. CICCONE 1 , P.J. SHARP' AND S. LEESON 
Department of Animal and Poultry Science, University of Guelph, Canada and 'Division of Genetics and 
Genomics, Roslin Institute (Edinburgh), Scotland 
Abstract 1. Shaver White and ISA Brown pullets were reared to 140 d in cage groups of 8 on a 10-h 
photoperiod of incandescent light and maintained at an illuminance of 3 or 25 lux, or transferred from 
3 to 25 lux or from 25 to 3lux at 63 or 112d of age. 
Plasma follicle stimulating hormone (FSH) concentration at 63 and 112 d was higher in both breeds 
for pullets maintained at an illuminance of 25 lux compared with 3 lux. After 2-4 d, and relative to 
constant-illuminance controls, plasma FSH increased significantly for ISA Brown transferred from 3 to 
25 lux at 63d and for Shaver White transferred at 112d. Irrespective of genotype, plasma FSH for 
pullets given a decrease in illuminance at 63 or 112 d showed a tendency for less change than did 
constant-illuminance controls. 
There was no significant difference in sexual maturity for ISA Brown maintained on 3 or 25 lux, but 
Shaver White pullets exposed to constant 3 lux matured later than those maintained on 25 lux. Shaver 
White matured later following an increase from 3 to 25 lux at 63 and 112 d, and earlier subsequent to a 
decrease from 25 to 3lux at 112d. ISA Brown pullets were not significantly affected by a change in 
illuminance at 63 or 112 d, though their responses were in the same direction as Shaver White. 
Changes in plasma FSH in the 2- to 4-d period following a change in illuminance at 63 or 112 d were 
not significantly correlated with sexual maturity. 
INTRODUCTION 
Age at sexual maturity is similar for ISA Brown 
but later for Shaver White pullets maintained on 
10-h photoperiods and exposed to an illumi-
nance of 3 lux compared with 25 lux (Lewis at al., 
2004). These findings agree with earlier studies 
which revealed a threshold of 2lux for ISA 
Brown pullets to detect the presence of light 
necessary to fully modify sexual development 
(Lewis et al., 1999a), and indicate a threshold of 
more than 3 lux for Shaver White. Sexual 
maturity is delayed in Shaver White pullets by a 
transfer from 3 to 25 lux at 63 or 112 d, and is 
advanced by a change from 25 to 3 lux at 112d 
(Lewis at al., 2004). Sexual maturity in ISA Brown 
pullets is not significantly affected by either an 
increase or a decrease in illuminance (Lewis at al., 
2004). Plasma luteinising hormone (LH) concen-
tration, in both breeds, is lower in birds main-
mined at 3 lux than at 25 lux, is depressed by a 
transfer from 25 to 3 lux at 63 and 112 d, and is 
increased by a transfer from 3 to 25 lux, but only 
at 63 d. However, changes in plasma LH that 
follow changes in illuminance are not signifi-
cantly correlated with changes in sexual maturity. 
This paper reports the effects that the various 
illuminance treatments had on plasma follicle 
stimulating hormone (FSH) concentration. 
MATERIALS AND METHODS 
A total of 800 Shaver White and 800 ISA Brown 
pullets were placed in the top tier of 8-bird cages 
in 4 light-proof rooms at one day of age, with 
each room containing 200 birds of each breed. 
All birds received a 23L:1D lighting regime for 
the first 5 d, 18L:6D between d 6 and 10, and 
1OL:14D from d 11 to 140. Mean illuminance 
at the feed trough was 63.0 ± 1.40 lux for the 
first 7d, 370±0.40lux from 8 to 14d, and 
25•2 ± 025 lux (nominally 25 lux) in two rooms 
and 2.8 ± 0.03 lux (nominally 3 lux) in the other 
two rooms from 14d onwards. At 63 and 112d, 
reductions in illuminance were achieved by 
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transferring 40 birds of each breed from the 
two 254ux rooms into the two 3-lux rooms. 
Similarly, increases in illuminance were achieved 
by transferring 40 birds of each breed from the 
two 3-lux rooms into the two 25-lux rooms. 
Simultaneously, another 40 birds of each 
breed were moved between rooms of the same 
illuminance to provide constant-illuminance 
(but moved) controls. Each treatment was repre-
sented in two rooms so that a between-room 
error could be used to determine the significance 
of any differences in sexual maturity when 
conducting an ANOVA. 
A 1 ml blood sample was taken during the 
first 2 h of the photoperiod from a brachial vein 
of 8 birds (one cage) of each breed at 63, 65 
and 67d for the early changes in intensity, and 
from different birds at 112, 114 and 116d for the 
later changes (0, +2 and +4 d of each change 
in illuminance, or of each move for constant 
3- and 25-lux controls). Samples were identified 
to bird, centrifuged at SOOg for 15 min, and 
the sera stored frozen. Subsequently, FSH was 
measured by homologous radioimmunoassay 
(Krishnan et al., 1993) in a single assay that had 
an intra-assay coefficient of variation of 8-0%. 
A regression of the standard errors of the 
mean (SEM) for plasma FSH concentrations on 
the corresponding means for each breed x 
sampling time indicated that the SEM increased 
in direct proportion to the mean. This hetero-
geneity of variance was removed by transforming 
FSH concentrations to log lo values before con-
ducting an ANOVA on the 0-d values using 
a model from Gen.stat 6th Edition (Lawes 
Agricultural Trust 2002). Untransformed percen-
tage changes in FSH for individual birds were  
also analysed by ANOVA. It was not possible 
to test for room effect because samples for 
each breed x lighting x age treatment were 
taken from one room only, and, as a result, the 
error term used for tests of significance was 
measured within-room. Consequently, caution is 
required when comparing the means for treat-
ments not in the same room. However, no 
significant room effect was identified for the 
egg production, feed intake or body weight data 
reported in Lewis et al. (2004), so it is a 
reasonable assumption that none existed for the 
FSH responses. Significant differences between 
means were identified using a t-test. 
RESULTS 
'Plasma FSH concentration' has been abbreviated 
to FSH, and the results are presented separately 
for each breed because there were significant 
treatment x breed interactions for the initial FSH 
values and for the percentage change in FSH. 
Shaver White 
The initial (0 d) mean FSH for the 4 groups 
maintained on 25 lux or given 25 lux prior to a 
change to 3 lux was higher than the equivalent 
four 34ux groups, although the difference was 
only significant at 112 d (Table 1). At both light 
intensities, FSH was higher at 112 d than at 69d, 
though the difference was significant only for the 
254ux birds. There was no significant difference 
between the 3 to 25 lux and 25 to 3 lux groups for 
percentage change in FSH at 63 d, but at 112 d, 
the 51% increase for the birds transferred from 
3 to 25 lux was significantly different from the 
Table 1. Initial plasma FSH concentration (ng/m4 loglo values in parentheses, n = 8), percentage change in FSH between initial 
value and mean values 2 and 4 dafter a change in illuminance and/or room, and age at 50% egg production (ASM)for Shaver White 
and ISA Brown pullets maintained on 10-h phousperiods at a mean illuminance of 3 or 25 lux (but moved between rooms) or 
transferred from 3 to 25 lux or from 25 to 3 lux at 63 or 112d of age 
Treatment Shaver White 
Od FSH 	 % change' ASM(d) 
ISA Brown 
Od FSH(ng/ml) 	Change' ASM(d) 
25-3 lux at 63d 1-40±043 (0-074)" +153±28.oa1 1431 1-33±0-09 (0-118)" +5-3±11-7 b 146-4 
25 lux moved at 63d 066±013 (0-269)' +370± 14.2a 141-1 1-25±0-13 (0-083)" -4-1 ±90b 1441 
25-3 lux at 112 d 1-98 ± 044 (0-257) -18-2 ±13-7 b 1402 232 ±0-38 (0-336) -14-7 ± 122" 1406 
25 lux moved at 112d 2-34±0-66 (0332)a +74±16-8" 142-3 1-70±0-28 (0-184)" +15-2±22-7" 1415 
25-lux initial mean 157±023 - - 163±014 - - 
3 to 25 lux at 63d 128±013 (0091)" ± 14b 1451 082±0-13 (-0124)" +1405±488 1456 
Slux moved at 63d 0-90±0-07 (-0-053)" +39•4± 121' 1427 1-07±011 (0013)d +448± 172b 148-0 
3-25 lux at 112d 132±0-31 (0-070)" +51-1±32-1' 1466 1-58±0-33(0-168)" -6-1±22-8" 1478 
3Iux moved at 112d 1-32±017 (0.096)" +14-8±14-9" 1466 149±0-21 (0-140)"' +294±36-6 143-5 
3-lux initial mean 120±009 - - 1-21±0-11 - - 
SEt) and significance levels for 0 d (log, 0 data): 
Light intensity =0•06120d, P<0OOl; Breed =00306, P=0474; Treatment x Breed '=00865, P= 0. 021 
SED and significance levels for percentage change: 
Light intensity =2104, P< 0-001; Breed= 10-52, P=0-468; Treatment x Breed =2975, P<0-00l. 
Within a column, means with the same superscript are not significantly different at P> 005. 
'Calculated from individual percentage change data. 
P.D. LEWIS ET AL. 
18% fall in FSH for the birds transferred from 
25 to 3 lax. 
ISA Brown 
The initial (0d) mean FSH for the 4 groups 
maintained on 25 lax or given 25 lax prior to a 
change to 3 lax was significantly higher at 63 and 
112d than those maintained on 3lux (Table 1). 
FSH was significantly higher at 112d than at 
63d in both light intensity groups. The 141% 
increase in FSH for birds transferred from 3 
to 25 lax at 63d was significantly higher than 
the 5% rise in the birds changed from 25 to 
3 lax, but, at 112d, the 6% fall for birds 
transferred from 3 to 25 lax was not significantly 
different from the 15% fall for those changed 
from 25 to 3lux. 
DISCUSSION 
In neither breed, nor at either age, was there a 
significant correlation between the change in 
FSH that occurred in the 4 d following transfer to 
a new light intensity and age at sexual maturity, 
whether in actual terms (Table 1), or relative 
to birds maintained at the final illuminance 
(Table 2). This agrees with the previously 
reported findings for changes in LH (Lewis 
et at., 2004 and Table 2). Changes in FSH have 
been reported to be significantly correlated with 
age at sexual maturity following a change in 
photoperiod (Lewis et al., 1998, 1999b); however, 
blood samples in these two trials were taken at 
7 and 14d, respectively, after the changes in 
photoperiod. In the current trial, blood samples 
were only taken 2 and 4d (periods previously 
found to be satisfactory for detecting a change in 
LH) after the changes in illuminance, and the 
opportunity to conduct an FSH assay only 
presented itself after the trial and LH assay had 
been completed. It is possible that 4d is too 
soon after a change in illuminance to detect 
any effect on FSH; Lewis et at. (1999b) found 
a 0.359±0.066 log io ng/ml mean increase in 
FSH 14 d after a transfer from an 8- to a 13-
or 16-h photoperiod at 63 or 105 d, and this 
is a 10-fold increase over the 0-035±0-046 
logio ng/ml increase recorded in the current 
trial. Furthermore, the ranges in sexual maturity 
in the earlier investigations (54d in Lewis et at., 
1998, and 39 d in Lewis et at., 1999b) were much 
wider than the 8-d spread in this trial, and so the 
lack of a significant correlation between change 
in FSH and sexual maturity in the current 
trial might not necessarily indicate a difference 
between a response to a change in photoperiod 
and one to a change in illuminance. 
Table 2. Changes in plasma LH and FSH concentration after 
2 to 4 d of a change in illuminance (%), and age at 50% egg 
production (ASM d), relative to birds maintained at the final 
illuminance, for Shaver White and ISA Brown pullets 
maintained on 10-h photoperiods and transferred from 3 to 
25 lux or from 25 to 3 lux at 63 or 112 d of age 
Trait/treatment 	Age at 	Shaver 	ISA 
change (d) White Brown 
LH 
25to3lux 63 -57 -41 
25to3lux 112 -45 -21 
3 to 25 lux 63 +30 +20 
3to25lux 112 +4 +7 
FSH 
25toSlux 63 -24 -38 
25 to 3lux 112 -34 -44 
3to25lux 63 -38 +145 
3 to 25 lux 112 +44 -21 
ASM 
25 to 3 lux 63 +04 -1-6 
25 to 3lux 112 -6-4 -2-9 
3 to 25 lux 63 +4-0 +1-5 
3 to 25 lux 112 +43 +6-3 
In both breeds, there was a tendency 
(P=0.060) for the changes in FSH that occurred 
between 63 and 67d and between 112 and 116d, 
whether they were for constant-illuminance con-
trols or following a decrease or an increase in 
illuminance, to be positively correlated with the 
changes in LH reported by Lewis et at. (2004). 
This suggests a common influence on the 
hypothalamopituitary axis, even though the 
changes failed to lead to predictable changes in 
sexual maturity. 
It can be concluded that illuminance per se 
has a positive effect on FSH, particularly at 112 d, 
and that, relative to constant-illuminance con-
trols, changes in light intensity modify FSH over 
the 4d that follow a change in light intensity, 
whether to brighter or dimmer, but that the size 
and direction of the response vary with age and 
genotype, and give no indication of age at sexual 
maturity (Table 2). 
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Lighting regimens and plasma LH and FSH in broiler breeders 
P.D. LEWIS, M. CIACCIARIELLO, N.A. CICCONE', P.J. SHARP' AND R.M. GOUS 
Animal and Poultry Science, University of KwaZulu-Natal, Pietermaritzburg South Africa and 
'Roslin Institute, Roslin, Midlothian, Scotland 
Abstract 1. Egg production by meat-type fowl is markedly inferior to that from commercial laying 
hens, and so, to assess the degree to which photorefractoriness might be a contributing factor, male- and 
female-line broiler breeders were maintained on 8-, 11- or 16-h photoperiods. In addition, to determine 
the age-related rate of change in response to an increment in photoperiod, other birds were transferred 
from 8- to 16-h photoperiods at 67 or 124 d. 
Blood samples were taken from all groups, except those on constant 11-h photoperiods, in both 
genotypes at 67, 69, 124 and 126 d, and from all lighting groups in the female line at 58 weeks (end of 
trial), and the plasma was assayed for plasma luteinising hormone (LH) and follicle stimulating hormone 
(FSH) concentration to investigate possible correlations with rate of sexual maturity, total egg numbers 
and terminal rates of lay. 
Prepubertal LH was consistently higher for the female line than for the male line, and higher for 16-h 
birds than for 8-h birds. At 69 and 126 d, LH values were not significantly different from those 2 d earlier 
for 8-h birds, but significantly reduced for 16-h birds. There was an increase in LH following 
photostimulation at 67 d, but no significant change after the 124-d light increase. 
There were no significant differences in FSH between the two genetic lines, nor any effect of 
photostimulation at 67 or 124d. There was a tendency for FSH in 8-h birds to be higher than for 16-h 
birds, and this difference became significant for male-line birds at 67 d. 
At 58 weeks, LH was higher for constant 11- and 16-h birds and for birds photostimulated at 67 d than 
for constant 8-h controls or birds transferred from 8 to 16 h at 124 d. 
Neither baseline nor photoinduced prepubertal changes in plasma LH nor FSH were found to be of 
value for predicting age at sexual maturity or subsequent rates of egg production. At 58 weeks, LH was 
not generally correlated with sexual maturity, total eggs or terminal rates of lay, however, there was a 
negative correlation with age at first egg in birds photostimulated at 124d. 
It must be concluded that plasma LH and FSH concentrations are of minimal value to the broiler 
breeder industry for predicting the degree of photorefractoriness, the age at sexual maturity, or 
subsequent egg production. 
INTRODUCTION 
Changes in plasma luteinising hormone (LH) 
and follicle stimulating hormone (FSH) concen-
trations in egg-type domestic fowl, both with 
age and following a change in photoperiod, are 
well documented (Sharp, 1975; Williams and 
Sharp, 1977; Vanmontfort et al., 1995; Lewis 
et al., 1998). The effects of controlled feed-
ing on plasma LH concentrations in dwarf 
broiler breeders maintained on 8h, or trans-
ferred to a range of photoperiods between 10-5 
and 20 h (Dunn and Sharp, 1990), and at 
various ages between 3 and 19 weeks (Dunn 
et al., 1990), have also been reported, but there 
appears to be a dearth of information on the 
effects of changes in photoperiod, and of 
constant long days on plasma LH and FSH con-
centrations in control-fed normal-size broiler 
breeders. 
It has been suggested that plasma LH 
concentration during the rearing period might 
be useful as a predictor of sexual maturity and 
rate of egg production in egg-type hybrids, 
however, the evidence is equivocal. Whereas 
data reported by Wilson (1978) were supportive 
of the proposal, Lewis et al. (1994, 1998) reported 
that prepubertal LH was a poor predictor of 
sexual maturity, and Sharp et al. (1981) con-
cluded that it gave no indication of subsequent 
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rate of lay. However, the hypothesis has not been 
tested in meat-type hybrids. 
Accordingly, this paper reports plasma LH 
and FSH data for a male and a female line of 
broiler breeder maintained on 8- or 16-h photo-
periods, or transferred from 8-, 11- to 16-h 
photoperiods at 67 or 124d, and correlates 
these with sexual maturity, total and terminal 
egg production data. In addition, it reports 
plasma LH data for the female-line birds at 58 
weeks of age and correlates these with the above 
performance traits. 
MATERIALS AND METHODS 
Male- and female-line Ross broiler breeder pul-
lets were reared in light-proof litter-floor rooms 
from one day until 15 weeks and then transferred 
to individual cages in different light-proof rooms 
until depletion at 58 weeks. They were main-
tained on 8-, 11- or 16-h photoperiods or 
transferred from 8- to 16-h photoperiods at 67 
or 124 d of age, and fed according to the primary 
breeding company's recommendations to 
achieve a 21 kg body weight at about 20 weeks. 
Within each line and lighting treatment, a 1 
to 2 ml blood sample was taken from a brachial 
vein of 8 birds at the same time each day (I to 3 h 
into the photoperiod), excluding constant 11-h 
photoperiods, at 67, 69, 124 and 126d, and 
centrifuged at 500  for 15 mm. Unpublished data 
from an earlier investigation of the photoperi-
odic response in normal-size broiler breeders had 
shown that a 2-d interval was sufficient to detect 
a photoinduced increase in LH. Plasma LH and 
FSH concentrations were measured using an 
LH radioimmunoassay (Sharp et at., 1987) and an 
FSH radioimmunoassay (Krishnan et al., 1993) 
each in a single assay. The mntra-assay CV was 
6.9% for LH and 8•0% for FSH (suggesting that 
pulsatility was not a concern for either hormone). 
A further 10 blood samples were taken, at 
random, from each of the three constant-
photoperiod and two photostimulated groups 
at 58 weeks, and assayed for plasma LH 
concentration. 
Regressions of the standard errors of the 
mean (SEM) for plasma LH and FSH concentra-
tions on the corresponding means for each line x 
lighting treatment indicated that the SEM 
increased in direct proportion to the mean, and 
so this heterogeneity of variance was removed by 
transforming concentrations to log lo values prior 
to statistical analysis. Initial values and the 
percentage change in actual plasma hormone 
concentration between d 0 and d 2 were sub-
jected to an ANOVA using a model from Genstat 
6th Edition (Lawes Agricultural Trust, 2002). 
RESULTS 
'Plasma LH concentration' and 'plasma FSH 
concentration' will be abbreviated to LH and 
FSH, respectively, and 'age at first egg' to AFE. 
LH 
Although the female-line birds had significantly 
higher LH than the male-line birds at all ages and 
for all lighting treatments, the responses of the 
two genotypes for each of the lighting treatments 
were similar (Table 1). Birds on 8-h photoperiods 
had significantly lower LH than 16-h birds at 
Table 1. Plasma LH and FSH concentrations (ng/ml), and mean individual percentage change over 2 dfor male- and female-line 




+2d % Change 0 d 
Male line 
+2d % Change 
LH data 
Constant 8h at 67 d 1'75±033" 130±013 13±16' 0.98±0.36a 110±026 84±49" 
Constant 16h at 67 d 211±061' 137±014 _29±13a 131±0•29" 081±0'09 _28±8a 
8 to 16h at 67 d 152±0,19a1 226±027 69±29" 0 - 99 ± 0-14ab 1•89±0•47 163± 116' 
Constant 8h at 124 d 1.10±0.19 109±022 6±24" 142±032" 130±0'23 10±22" 
Constant 16h at 124 d 169±029" 106±0'21 —29± 12a 180±038' 081 ±O'14 —47± ha 
8 to 16h at 124 d 129±0.22th 150±027 20±19" 1.00±0.20th 093±020 11±25" 
Residual DF 83 82 83 82 
FSH data 
Constant 8h at 67 d 105 ±0'06" 100±011 1 ± 16"' 159±037' 152 ±042 22±30' 
Constant 16h at 67 d 102 ± 014'' 108± 010 27 ± 29' 075 ±0.09a 078 ± 0.11 —6 ± 14' 
8 to 16h at 67 d 088±0'13' 076±003 —25±8" 111±0•13" 097±0•19 8±5' 
Constant 8h at 124 d 112±008" 089±013 —17±15" 103±018 b 095 ±0'09 51 
Constant 16h at 124 d 125±0'21" 109±032 49±15a 096±006" 079±0•l0 8 1 
8 to 16h at 124 d 127±015" 062' —48' 087±007" 098 ± 028 23±57' 
Residual DF 68 39 68 39 
'n= 1. 
Within a column, and for each hormone, means with the same superscript letter are not significantly different at P> 0-05. 
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Figure 1. Mean plasma LH (solid symbols) and FSH (open symbols) concentrations (ng/ml) on d 0 and d 2for male- and female-line 
broiler breeder pullets maintained on 8- (•, 0) or 16-h (•, 0) photoperiods, or transferred from 8- to 16-h photoperiods (A, ) 
at 67 or 124 d. 
both 67 and 124 d, but, within a photoperiod 
group, initial LH did not change with age. LH for 
birds maintained on 8 h did not significantly 
change between 67 and 69 d or between 124 and 
126 d, however, there were significant reductions 
in LH for birds maintained on 16h (Figure 1). 
In the female line, the transfer from 8- to 16-h 
photoperiods at 67 d produced a significant 69% 
increase in LH (+2 d), compared with a 13% fall 
for constant 8-h controls, but a non-significant 
20% increase after the increase in photoperiod 
at 124 d, compared with a modest 6% increase 
for controls. In the male line, photostimulation 
had similar effects on LH, increasing by 163% 
between 67 and 69 d compared with 84% for 8-h 
controls (though P>0.05), but the same 10 to 
11% change as controls after the 124-d transfer 
(Table 1). 
At 58 weeks, birds maintained on 11-and 16-h 
photoperiods, or photostimulated at 67d, had 
significantly higher LH than constant 8-h controls 
or birds transferred to 16 h at 124 d (Table 2). 
When all individual LH data were regressed on 
individual AFE, there was no significant correla-
tion. However, when separate regressions were 
conducted for each lighting treatment, there was 
a significant negative relationship between LH 
at 58 weeks and AFE for birds photostimulated 
at 124 d, with LH reducing by 0.05 ng/ml for 
each one-day delay in maturity (e =0.723, 
P==0.002, slope SE =0.011), while none of the 
regressions for the other treatments approached 
significance (Figure 2). 
FSH 
At neither age, nor for any lighting treatment, 
was there a significant difference in FSH between 
the two lines (Table 1). FSH at 67 d was not 
Table 2. Plasma LH concentrations (ng/ml) at 58 weeks of 
age forfemale-line broiler breeder females maintained on 8-, 11- 
or 16-h photoperiod.s or transferred from 8- to 16-h photoperiods 
at 67 or 124d 
Treatment 	 Plasma LH (ng/ml) 
Constant 8 h 2.02±0.12a 
Constant 11 h 2.51±0.18b 
Constant 16 h 
8 to 16h at 67 d 230±013" 
8 to 16h at 124 d 1-83±028a 
Means with the same superscript letter are not significantly different 
at P>O05. 
significantly different from 124 d, and was also 
unaffected by either of the transfers from 8 to 
16 h. FSH in 8-h birds was generally not 
significantly different from that in 16-h birds, 
although in male-line birds, FSH for birds 
maintained on 8-h photoperiods was significantly 
higher than for those maintained on 16-h 
photoperiods at 67 d. 
DISCUSSION 
The higher LH for the female-line compared with 
the male-line birds concurs with evidence from 
Dunn and Sharp (1990) that there are genotypic 
differences in baseline LH. Data for brown-egg 
hybrids (Dunn and Sharp, 1990; Lewis et al., 
1994, 1998), dwarf broiler breeders (Dunn and 
Sharp, 1990; Dunn et al., 1990), and the two lines 
of normal-size broiler breeders in the current 
trial suggest that LH baselines are inversely 
correlated with genotypic body weight. 
However, the baselines for broiler breeders 
would have been even lower had they been fed 
ad libitum, because plasma LH concentrations 
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Figure 2. Regressions of plasma LH concentration (ng/ml) at 58 weeks on age at first egg (d) for broiler breeder female-line hens 
maintained on 8- (Lx), 11- (0) or 16-h (0) photoperiod.s or transferred from 8- to 16-h photoperiods at 67 () or 124 d (S) 
for control-fed birds are higher than for full-fed 
(Dunn and Sharp, 1990; Dunn et at., 1990). 
The higher prepubertal LH for birds on 16-h 
compared with 8-h photoperiods (Table 1), 
irrespective of age or genotype, concurs with 
data for egg-type hybrids maintained on 8- or 
14-h day-lengths (Lewis et at., 1998). 
The most likely explanation for the reduc-
tion in LH that occurred at each d-2 sampling for 
birds maintained on 16-h photoperiods (Table 1, 
Figure 1) is that it was a response to handling 
during the earlier sampling (Wilson and Sharp, 
1975). A stress response to handling is more 
evident when initial LH values are high, and this 
explains the difference between the 8- and 16-h 
birds. An additional reason why the photostimu-
lated birds did not show the depression was that 
the stress response to handling was counteracted 
by the acute stimulatory effect of the increase in 
photopenod, resulting in an increase in LH at 
69d and a plateau at 126d. 
The significant increase in LH in both 
genotypes following the transfer from 8 to 16 h 
at 67d, but non-significant increase in LH 
following an increase at 124d, reflects the 
findings for ad-libitum-fed egg-type hybrids given 
the same increment in photoperiod at 63 and 
126 d (Lewis et at., 1994). However, the effects on 
sexual maturity for the two types of bird were 
contradictory, with the 9-week photostimulation 
delaying maturity by about 2 weeks in the broiler 
breeder (Lewis et at., 2003) but advancing it 
by more than 3 weeks in the commercial 
layer (Lewis et al., 1997), whilst at 18 weeks, 
it advanced sexual maturity by 5 weeks in 
the broiler breeder but by only 10 d in the 
layer. Much of the difference in sexual maturity 
between the broiler breeder and egg-type 
hybrid can be explained in terms of  
photorefractoriness and feed allocation, but the 
LH responses appear to be independent of these 
factors, and this is further evidence that 
changes in LH are not correlated with sexual 
development. 
The lack of correlation between prepubertal 
baseline and photoinduced changes in LH with 
either sexual maturity or subsequent egg produc-
tion concurs with the findings of Lewis et at. 
(1994, 1998) and Sharp et at. (1981) for egg-type 
pullets, but contrasts with those of Wilson (1978). 
LH at 58 weeks was not significantly related to 
either total egg production or egg production 
between 54 and 58 weeks, however, it correlated 
well with mean prepubertal LH values 
(r2 =0.947, P=0.027), suggesting that the rate 
at which LH changes during the laying period 
is independent of any concurrent photoperiodic 
influence. Although there was a significant 
negative correlation of LH at 58 weeks with 
AYE for birds photostimulated at 124 d, there 
were no links with AFE for any of the other 
lighting groups (Figure 2). Notwithstanding that 
the response might have been spurious, it could 
just indicate that, whereas LH is unaffected by 
spontaneous maturation, it is enduringly mod-
ified by a photosexual response that is strong 
enough to advance maturity by 5 weeks. It is 
difficult, however, to understand why the earlier 
maturing birds, which would have been in lay 
longer, should have had higher LH values at 58 
weeks than the later maturing birds. The lower 
values for the constant 8-h controls and those 
photostimulated at 124d, compared with the 
constant 11- and 16-h birds and those photo-
stimulated at 67 d, may suggest that there is some 
AFE-independent interaction with the rate at 
which juvenile photorefractoriness is dissipated, 
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with faster dissipation leading to lower LH at 
58 weeks. 
The tendency for FSH to be higher in 8- than 
in 16-h birds concurs with the findings of Lewis 
et al. (1998) for egg-type pullets. However, the 
similarity of FSH values at 67 and 124 d contrasts 
with an age-related increase in FSH in laying 
birds. This could be a response to restricted 
feeding, which has been reported to suppress 
ovarian and oviducal development, and, as a 
likely corollary, FSH release in dwarf broiler 
breeders (Dunn and Sharp, 1990). The lack of 
any significant change in FSH following the 8-h 
increments in photoperiod, especially at 124d, 
could be due to the second sample being taken 
too soon (+2 d) after the change, because FSH 
must have increased at some stage following the 
light increase at 124 d to have advanced APE by 
5 weeks. Lewis et al. (1999) reported that the 
correlation in egg-type hybrids was between 
sexual development and change in FSH 14 d 
after photostimulation, and so this is also a likely 
explanation for the lack of correlation (P= 0.94, 
r2 =0-013) between individual changes in FSH 
and APE. 
The general conclusions are that in control-
fed normal-size broiler breeders, constant 8- and 
16-h photoperiods have opposing effects on LH 
and FSH, that genotype affects LH but not FSH, 
that photostimulation enhances LH at 67 d, 
though not at 124d, and has no effect on FSH. 
It is also evident that LH is depressed by handling 
in 16-h birds, but not in birds maintained on 8-h 
or transferred from 8- to 16-h photoperiods. 
Furthermore, there is no correlation of prepu-
bertal LH, FSH or LH at 58 weeks with either 
sexual maturity or subsequent rate of lay, and 
baseline LH in domestic fowl appears to be 
negatively correlated with genotypic body weight 
potential. 
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Gonadotrophin Inhibitory Hormone Depresses Gonadotrophin cz 
and Follicle-Stimulating Hormone f3 Subunit Expression in the 
Pituitary of the Domestic Chicken 
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*Division of Genetics and Genomics, Roslin Institute, Midlothian, UK. 
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Abstract 
Studies performed in vitro suggest that a novel 12 amino acid RF amide peptide, isolated from the quail 
hypothalamus, is a gonadotrophin inhibitory hormone (GnIH). The aim of the present study was to 
investigate this hypothesis in the domestic chicken. Injections of GnIH into nest-deprived incubating hens 
failed to depress the concentration of plasma luteinizing hormone (LH). Addition of GnIH to short-term 
(120 mm) cultures of diced pituitary glands from adult cockerels depressed follicle-stimulating hormone 
(FSH) and LH release and depressed common ot and FSHf3 gonadotrophin subunit mRNA5, with no effect on 
LHO subunit mRNA. Hypothalamic GnIH mRNA was higher in incubating (out-of-lay) than in laying hens, but 
there was no significant difference in the amount of hypothalamic GnIH mRNA in out-of-lay and laying 
broiler breeder hens at the end of a laying year. It is concluded that avian GnIH may play a role in controlling 
gonadotrophin synthesis and associated constitutive release in the domestic chicken. 
A novel RF amide, SIKPSAYLPLRF-NI-1 2 , isolated from the 
quail hypothalamus, inhibits luteinizing hormone (LH) but 
not prolactin secretion from the male quail pituitary in vitro. 
Accordingly, the peptide was named gonadotrophin inhibi-
tory hormone (GnIH) (1). This peptide has a transiently 
depressive effect on plasma LH in the white crowned sparrow 
in vivo (2). Immunocytochemical studies in quail (1, 3) and 
song sparrow (4) show that GnIH is located in cells in the 
paraventricular nucleus of the hypothalamus, with terminals 
in the median eminence, with a potential to control anterior 
pituitary function. The eDNA sequence encoding GnIH has 
been cloned in the Japanese quail (5), domestic chicken 
(NCBI accession number AB120325) and white crowned 
sparrow (2). The predicted amino acid sequence for chicken 
GnIH (SIRPSAYLPLRF-NH 2) differs from quail GnIH at 
position 3 where arginine conservatively substitutes lysine. It 
is unknown whether the expression of the gene encoding 
GnIH in the avian hypothalamus changes with reproductive 
state consistent with an inhibitory action on gonadotrophin 
secretion. Furthermore, it is not known whether, in addition 
to inhibiting LH release, GnIH also inhibits gonadotrophin 
synthesis. This appears to be possible because, by analogy, 
gonadotrophin-releasing hormone-I (GnRH-I) stimulates 
both the release and synthesis of chicken (6, 7) and mamma- 
Han gonadotrophins (8, 9). The present study investigated the 
role of GnIH in chicken reproductive function by determining 
whether GnIH decreases plasma LH concentrations in vivo, 
whether GnIH depresses gonadotrophin subunit mRNAs 
in vitro and whether there is an increase in hypothalamic 
GnIH mRNA associated with the atrophy of the ovary in 
incubating hens (10, 11) and in broiler breeders at the end of a 
laying period (12). 
Materials and methods 
Animals 
All experimental procedures were carried out under UK Home Office 
regulations. Incubating and laying domestic hens required for studies 
performed in vivo were obtained from the Roslin Institute's breeding flocks. 
The hens were a hybrid between White Leghorn and Silkie breeds. Pituitary 
glands for studies performed in vitro were from adult ISA Brown cockerels 
(ISA Poultry Services Ltd, Peterborough, UK) purchased at I day old. All 
birds obtained from Roslin Institute were held under a LD 16: 8 h light/dark 
cycle with free access to food and water. 
Broiler breeder hens (Cobb Vantress Inc., East Hanningfleld, UK) were 
obtained from a flock of pedigree broiler breeders at the end of a commercial 
laying period at 58 weeks of age. The birds were fed a commercial restricted 
feeding programme to maximize egg laying as recommended by Cobb 
Vantress and were held under a LD 16: 8 h light/dark cycle. 
Correspondence to: Dr N. A. Ciccone, Roslin Institute, Roslin, Midlothian EH25 9PS, UK (e-mail: nick.ciccone@bbsrc.ac.uk).  
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Experiment I 
The objective was to investigate in vivo the effect of GnIH on LH release in 
nest-deprived incubating hens. Nest removal results in an increase in plasma 
LH (10) and could be a consequence of reduced GnIH release, which was 
predicted to be reversed by exogenous administration of GnIH. Quail GnIH 
was synthesized in the laboratory of K. Tsutsui (I), and dissolved in 
physiological saline and injected (100 tl) into a brachial vein of a nest 
deprived incubating hen. Incubating hens were given three injections of 50 ,.tg 
quail GnIH per kg body weight or saline at 5.5, 6.5 and 7.5 h after nest 
deprivation. The dose of GnLH was chosen based on analogous experiments in 
the incubating hens using GnRH analogues, which suggested that injections of 
reproductive neuroendocrine peptides of 50 big/kg are likely to affect 
gonadotrophin secretion (11). This is similar to the dose of GnIH shown to 
be effective in depressing LH in vivo in the white crowned sparrow (2). Three 
injections of GnIH were given at hourly intervals to cover the possibility that 
an inhibitory effect of the peptide on LH release may be secondary to a longer 
term inhibitory effect on synthesis. Blood samples (approximately I ml) were 
taken from a brachial vein before nest deprivation at 0 h, and at 5.5, 6.5, 7.5 
and 8.5 h thereafter for LH assay. GnIH or saline injections were given 
immediately after withdrawing blood samples at 5.5, 6.5 and 7.5 h after nest 
deprivation. 
Experiment 2 
The objective was to confirm in adult male chickens, the observation in male 
quail (I) that GnlH inhibits LH secretion from pituitary fragments incubated 
in vitro for 120 mm, and to determine correlated effects on gonadotrophin 
subunit mRNAs. Pituitary glands were dissected from eight cockerels and 
pooled into chilled phosphate-buffered saline. The pituitaries were collectively 
diced into fragments and distributed randomly into the wells of 12-well cell 
culture plates (Corning Costa, Amsterdam, The Netherlands). Each well 
contained one pituitary fragment, I ml of DMEM culture medium with 
phenol red (Invitrogen Life Technologies, Paisley, UK) supplemented with 
3.75% foetal calf serum, 6% horse serum and antibiotics: 100 i/ml strepto-
mycin and 100 ig/ml penicillin. The culture plates were placed in an airtight 
container equilibrated with 95% 02 and 5% CO2, which was transferred to an 
orbital incubator maintained at 37 °C and shaken gently (60 r.p.m.) for a 90- 
min preincubation. The culture medium was then removed and I ml of fresh 
medium was added to each well containing GnIH peptide (1 x 10, I x 10- 6 , 
I x 10-  log M) or no peptide (control) in a Latin square design. The culture 
plates were re-equilibrated with 95% 02 and 5% CO2 and replaced in the 
orbital incubator for a 120-min incubation. Pituitary fragments were 
harvested and snap frozen in liquid nitrogen and stored at -80 C before 
RNA extraction. The experiment was replicated on a separate occasion. 
Experiment 3 
An important factor to consider, when evaluating the predicted inhibitory 
effect of GnIH on gonadotrophin subunit mRNAs in a short-term pituitary 
gland culture, is the half-lives of the mRNAs. The objective of this experiment 
was to measure the half-life of each gonadotrophin subunit mRNA using the 
transcriptional inhibitor actinomycin D (13). The experimental conditions 
were as in Experiment 2. Cockerel pituitary fragments were incubated without 
(control) or with 8 IM actinomycin D (Sigma-Aldrich, Poole, UK) and 
collected for gnadotrophin subunit mRNA assay at 1, 3, 6 and 9 h. 
Observations were made at each time point in triplicate. 
Experiment 4 
The objective was to test the prediction that hypothalamic GnIH mRNA 
content is higher in incubating than in laying hens, and that this is inversely 
related to pituitary gonadotrophin subunit mRNAs and plasma LH. 
Hypothalamic GnRH-1 mRNA was also measured to test the alternative 
prediction that ovarian regression in incubating hens is a consequence of 
reduced GnRH-I mRNA. The reproductive Status of both laying and 
incubating hens was confirmed by post-mortem dissection: the ovaries and 
oviducts of incubating and laying hens were fully regressed and fully 
developed, respectively. Hypothalami and pituitaries were quickly dissected, 
snap frozen in liquid nitrogen and stored at -80 C before RNA extraction. 
Blood samples for LH radioimmunoassay (RIA) were taken from a brachial 
vein. Collected blood samples were centrifuged and blood plasma was stored 
at -20 °C before RIA. 
Experiment 5 
The objective was to test the prediction that hypothalamic GnIH mRNA is 
higher in out-of-lay than in laying hens, and that this is inversely related to 
pituitary gonadotrophin subunit mRNAs and plasma LH. Hypothalamic 
GnRH-1 mRNA was also measured to test the alternative prediction that 
ovarian regression in out-of-lay hens is a consequence of reduced GnRH-1 
mRNA. This experiment took advantage of the natural presence of laying and 
out-of-lay hens in a flock of broiler breeder hens at the end of a commercial 
laying period at 58 weeks old. Neuroendocrine tissues were collected at a 
commercial broiler breeding unit. Out-of-lay hens were identified by the 
absence of hierarchical yellow yolky ovarian follicles and regressed oviducts, 
and laying hens by the presence of fully developed oviducts and six or seven 
yellow yolky follicles in the ovary. Whole hypothalami, containing the GnIH 
and GnRH-I neurones, and pituitary glands were dissected into I ml of 'RNA 
Later' (Ambion, FluntingdonUK). The neuroendocrine tissues were stored at 
-20 °C before RNA extraction. Blood samples for LH RIA were taken from a 
brachial vein. Collected blood samples were centrifuged and blood plasma was 
stored at -20°C before RIA. 
RNA extraction 
Total RNA was extracted from neuroendocrine tissues in Matrix D tubes 
(Q-biogene-Alexis Ltd, Bingham, Nottingham, UK) containing 600 p1 Trizol 
(Invitrogen Life Technologies) for pituitary fragments or I ml Trizol for 
hypothalami. The tissues were disrupted using a FastPrep FPI20 homogeniser 
(Q-biogene-Alexis Ltd). Final precipitation of pituitary RNA was facilitated 
by addition of 2 0 glycogen solution (20 mg/ml, Roche Diagnostics Ltd, East 
Sussex, UK). The total RNA pellet was briefly dried under vacuum and 
reconstituted in 100-150 p1 of dH 2O. The yield of RNA was quantified by 
measuring the optical density of a sample diluted to I : 50 at 260 nm and 
280 nm, and its quality was confirmed by running a sample Out on a 
formaldehyde gel. 
Reverse transcription of total RNA 
A 4 p1 sample of total RNA was reverse transcribed using a First Strand 
synthesis kit (Amersham Pharmacia Biotech UK Ltd, Little Chalfont, Bucks, 
UK). Reverse transcribed samples were diluted to 40 0 of dH2O. 
Quantitative competitive QC RT-PCR assays for pituitary gonadotrophin 
subunits, common alpha, follicle-stimulating hormone (FSH) fi. LH/3, 
and for Gn!H and GnRH-! 
Chicken GnRH-I mRNA was measured by quantitative competitive reverse 
transcription-polymerase chain reaction (QC RT-PCR) (14), and the same 
methodology was used to develop and validate assays for gonadotrophin 
common a, FSHI3 and LHI3 subunit mRNAs, and for GnlH mRNA. 
Oligonucleotjde primers for the amplification of FSHI3, LH3, common a 
gonadotrophin subunits and GnIH were designed using the 'primer' computer 
package version 0.5 (Whitehead Institute for Biomedical Research 
Cambridge, MA, USA) with sequences of published eDNA transcripts 
(Table I). Sequence information for all these genes was obtained from the 
NCBI database (http://www.ncbi.nlm.nih.gov/entrez) . All primers were 
designed to span at least one exon-intron boundary, to allow detection of 
any contaminating gDNA. 
All plasmids used as standards in the QC RT-PCR assays were constructed 
by cloning the product of RT-PCR amplification into the pBSK-11 + 
(Stratagene Europe, Amsterdam, The Netherlands) cloning vector using 
chicken pituitary (for common a, FSH, LHP subunits) or hypothalamic (for 
GnIH) cDNAs as templates. Cloned fragments were transformed into XLI 
Blue competent Escherichia coli cells (Stratagene Europe). Plasmid DNA was 
purified using a Qiagen QlAprep Spin Midiprep kit (Qiagen Ltd, Crawley, 
West Sussex, UK) and sequenced to check gene identity. 
Construction of competitor plasmids 
Competitor plasmids were made by shortening (common at and FSH3 
subunit), or by inserting a fragment of foreign DNA (LHP subunit, GnIH) 
into the cloned standard cDNAs. Primer specific sequences were retained at 
the 5' and 3' ends to allow PCR amplification. 
The common a subunit competitor was constructed using a BplI (New 
England Biolabs, Hitchin, UK) and A$1 (New England Biolabs) double 
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TABLE 1. Polymerase Chain Reaction (PCR) Primers Used in Quantitative Competitive Reverse Transcription-PCR Assays for 
Reproductive Neuroendocrjne mRNAs. 
.Jene ?rimer (forward) Primer (reverse) NCBI accession number 
chce 
chFSH3 









X69491 chGnIH TGGAAAGCAGAGAAGATGATG ACACAGGmGCAmCAyi AB0399 15 
FSH, follicle-stimulating hormone; LH, luteinizing hormone; GnRH-1, gonadotrophinreleasing hormone-I; GnIH, gonadotrophin inhibitory hormone. 
enzyme digest of the cloned alpha standard. Both endonucleases cut once 
within the standard sequence to produce a competitor fragment of 335 bp 
after blunt ending and re-ligation. The FSHO competitor was constructed by 
digestion with PmlI (Roche Diagnostics) and Bsgl (Roche Diagnostics Ltd) 
followed by blunt ending and religation. Both LHO subunit and GnIH 
competitors were constructed by insertion of a 200 bp fragment of a pBSK 
II + vector backbone produced by a Haelll digestion (Roche Diagnostics 
Ltd). The LHI3 standard was cut by PflM I (New England Biolabs) and GnIH 
standard was cut using BglIl (Roche Diagnostics Ltd). Both restriction 
enzymes cut once within each respective gene sequence in preparation for the 
subcloning of the foreign DNA insert. The standard and competitor bp sizes, 
respectively, for each gene were: a subunit: 521 and 335; FSHO subunit: 341 
and 115; LHO subunit: 239 and 439; GnlH: 552 and 752, and GnRH-I: 358 
and 463. 
QC RT-PCR assays 
The assays were carried out in tubes containing plasmid DNA standard and 
competitor for standard curves, or experimental sample cDNA and the 
competitor. 
Standard curves were made up of eight, two-fold dilutions of the respective 
standard plasmid. The concentration of standard plasmids ranged between 
2.60 x 10-14 and 1.79 x 10' mol, depending on the assay, in a volume of 
5 jsl. The competitor plasmids were diluted to a concentration that fell in the 
middle of the standard range. A fresh standard curve and competitor dilutions 
were made on the day of each assay. Each tube for all assays contained 
standard or cDNA neuroendocrine sample (5 p1) and competitor (5 ill) made 
up to a PCR mix of 20 Al. The PCR assays were carried out in PCR buffer 
(x 10) with 1.5 ms MgCl2  (Roche Diagnostics Ltd), 2 mm dNTP [Advanced 
Biotechologies Ltd (Abgene), Epsom, Surrey, UK], 0.025 U/jil Taq DNA 
polymerase [Advanced Biotechologies Ltd (Abgene)j and 0.5 Am of assay 
specific forward and reverse primers (Sigma-Genosys, Cambridge, UK). The 
PCR amplification was carried out in a Thermo-Fast® low profile 96-well 
plate [Advanced Biotechologies Ltd (Abgene)] on a Hybaid MBS 0.2G 
programmable heating block (Hybaid Ltd, Ashford, Middlesex, UK). The 
PCR conditions were 30 cycles (94 °C, 20 5; 62 °C, 20 5; 72 C, 20 s) for 
FSH, LH, common e subunits and GnRH-I, and 30 cycles (94 °C, 20 5; 
60 °C, 20 s; 72 °C, 20 s) for GnIH. After the PCR amplification was 
completed, a final incubation step of 80 °C for 20 min was added to ensure 
heterodimers of amplified competitor and standard or cDNA were eliminated. 
The product (10 p1) was loaded with 3 0 of gel loading dye [30% glycerol, 
70% I x Tris-Acetate/EDTA (TAE), 0.4% Orange G] on a 3% agarose 
gel (BDH Laboratory Supplies, Poole, UK) containing ethidium bromide 
(0.2 pg/mI) and electrophoresed (6 V/cm) in I x TAE running buffer until 
band separation was visible. The relative amounts of cDNA in the bands were 
measured as a function of ethidium bromide fluorescence produced by UV 
illumination via a gel transilluminater at 312 nm (UVP, Cambridge, UK.), 
and captured using a video camera linked to a personal computer running the 
Multi-Analyst program (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The amplified cDNA in each lane was quantified using gel plotting macros in 
the Scion Image computer package (Scion Corporation, Frederick, MD, 
USA). To obtain a linear standard curve, the ratio of the two bands, standard 
and competitor, was calculated, log-transformed and plotted against the 
number of moles of standard plasmid present in each sample. 
Chicken gonadotrophin radioimnunoassays 
FSH and LH were measured by homologous radioimmunoassays (15, 16). 
The intrassay coefficients of variation were 8 and 5.4%, respectively. Culture 
medium samples were diluted serially in assay diluent. The sensitivity of the 
FSH assay was too low to measure FSH reliably in the plasma of adult 
hens. 
Statistical analysis 
All analyses were carried out using Genstat 6 edition (VSN International Ltd, 
Oxford, UK). Differences between experimental groups were considered 
significant at P < 0.05. Data from experiments 1, 2,4 and 5, log-transformed 
where necessary to normalize variance, were analysed using analysis of 
variance (ANOVA). In Experiment 1, treatment and time were used as variables 
and bird as a block in the analyses. In Experiment 2, the treatment and 
location of pituitary fragments within a tissue culture plate were used as 
variables for ANOVA, followed by Student's 1-test, if appropriate, to test for 
significance between means. For Experiment 3, degradation of gonadotrophin 
subunit mRNA was calculated by subtraction of the control values from the 
actinomycin D-values to give the change in the concentration of mRNA due 
to degradation. The value for change in the concentration of mRNA was log s-
transformed and plotted against time. Half-lives were calculated by taking the 
reciprocal of the slope of the regression between the change in the 
concentration of mRNA and time, because a change of I in log-transformed 
data equals a decrease in concentration of a half. 
Results 
Effect of an intravenous injection of GnIH on plasma LH 
in nest deprived incubating hens 
Three intravenous injections of 50 jig GnIH per kg given at 











Ftc. 1. Lack of effect of iv. injections of gonadotrophin inhibitory hormone 
(GnIH) (50 pg/kg) on plasma luteinizing hormone (LH) in incubating hens 
deprived of their nests at time zero. Nest deprived hens were injected with 
saline or GnIH at the times (1) indicated. Values are mean ± SEM (n = 5, 
hens). Repeated measures ANOVA performed on log-transformed data indi-
cates a lack of effect between treatments. 














GnIH concentration (log M) 
0 	 —7 	—6 	—5 



























GnIH concentration (log M) 
0 —7 —6 —5 
GnIH concentration (log M) 
0 	 —7 	—6 	—5 
GnIH concentration (log M) 
0 	—7 	—6 	—5 
1002 Gonadotrophin ot and FSHO subunit expression 
5.5 h failed to attenuate or block the increase in plasma LH 
observed (Fig. 1). Estimation of the half-lives of gonadotrophin subunit mRNAs 
Effect of GnIH on gonadotrophin subunit mRNAs and 
gonadotrophin secretion in vitro 
Incubation of cockerel pituitary fragments for 120 min with 
GnIH at doses of 1 x 10 and 1 x 10_ 6  M but not at 
1 x 10 M depressed the concentration of common ci sub-
unit mRNA (Fig. 2A). GnIH had a similar depressive effect 
on FSHP mRNA, although this effect was seen with doses of 
1 x 10 and 1 x 10 M but not I x 10_6 M (Fig. 2s). By 
contrast, GnIH did not depress LHP subunit inRNA 
(Fig. 2c). GnIH inhibited both FSH and LH release into 
the incubation medium at the lowest but not the highest doses 
(Fig. 2D,E). The experiment was repeated, and the combined 
results are shown. 
The half-lives of the gonadotrophin ot, FSHO and LH 
subunit mRNAs were calculated to be 8.6, 4.1 and 13 h, 
respectively, although the error estimates are relatively large 
(Fig. 3A—c). 
Comparison of hypothalamic GnIH, GnRH-I and pituitary 
gonadotrophin subunit mRNAs and plasma LH in incubating 
and laying hens 
Concentrations of common x and LHP subunit mRNAs 
were lower in incubating than in laying hens (Fig. 4A) and 
were directly correlated with depressed plasma LH (Fig. 4B). 
No significant difference in the amount of FSH3 mRNA 
was observed between incubating and laying hens (Fig. 4A). 
Hypothalamic GnRH-I mRNA was lower, whereas GnIH 
FIG. 2. Effects of incubating anterior pituitary gland fragments from adult cockerels for 120 min with gonadotrophin inhibitory hormone (GnIH), on 
concentrations of gonadotrophin subunit mRNAs and of tuteinizing hormone (LI-I) and follicle-stimulating hormone (FSH) in the incubation medium. The 
experiment was repeated and showed similar effects; the data from the two experiments were combined. Values are shown for (A) common a subunit mRNA, (B) FSHO subunit mRNA, (c) LHU subunit mRNA, (D) FSH concentration and (a) LH concentration. Values are means ± SEM (n = 15), where 'n' refers to 
the number of pituitary fragments assayed. ANOVA was performed on log-transformed data followed by Student's 1-test to test for significance between means. *}) < P < 0.01, P < 0.005 compared to control samples not incubated with GnIH. 
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FIG. 3. Estimations of the half-lives for chicken gonadotrophin subunit 
mRNAs. Cockerel anterior pituitary fragments were incubated in the pres-
ence or absence of 8 jsrt actinomycin D for 1-9 h and subunit mRNAs were 
measured during this period. The half-lives were calculated by taking the 
reciprocal of the slope of the fitted line. Regression analyses are shown for 
(A) the common a subunit, (B) follicle-stimulating hormone (FSH) 13 subunit 
and (c) luteinizing hormone (LH) 13 subunit mRNAs. Values are 
mean ± SEM (n = 3). 
(A) 	• LHf3 (x 106M) 	(B) 	0 Plasma LR 
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FIG. 4. Comparison of hypothalamic gonadotrophin inhibitory hormone 
(GnIH), gonadotrophin-releasing hormone-I (GnRH-l) and gonadotrophin 
subunit mRNAs and plasma luteinizing hormone (LH) in incubating and 
laying hens. (A) Comparison of concentrations of gonadotrophin subunit 
mRNAs and (s) of GnIH and GnRH-1 mRNAs and plasma LH. Values are 
mean ± SEM (n = 5). ANOVA was performed on log-transformed data. 
*p < 0.05, *9) < 0.01, ***p < 0.001 compared to laying hens. 
mRNA was higher in incubating than in laying hens 
(Fig. 4B). 
Fin. 5. Comparison of hypothalamic gonadotrophin inhibitory hormone 
(GnlH), gonadotrophin-releasing hormone-I (GnRH-1) and gonadotrophin 
subunit mRNAs and plasma luteinizing hormone (LH) in laying and out-of-
lay broilers breeder hens at the end of a laying year. (A) Comparisons of the 
concentrations of the three gonadotrophin subunit mRNAs and (B) of GnIH 
and GnRH-I mRNM and plasma LH. Values are mean ± SEM (n = 15). 
ANOVA was performed on log-transformed data. 9) < 0.05, *P < 0.01, 
***f) < 0.001 compared to laying hens. 
Comparison of hypothalamic GnIH, GnRH-I and pituitary 
gonadotrophin subunit mRNAs and plasma LH in laying and 
out-of-lay broiler breeder hens 
The concentration of LHP mRNA was lower, whereas that of 
FSHO mRNA was higher, in out-of-lay than in laying hens 
(Fig. 5A). The concentrations of the common ot subunit 
mRNA (Fig. 5A) and plasma LI-I (Fig. 5B) was not signifi-
cantly different between out-of-lay and laying hens (Fig. 5A). 
The concentrations of hypothalamic GnRH-I and GnIH 
mRNAs were not significantly different between out-of-lay 
and laying hens (Fig. 513). 
Discussion 
This study confirms, in the cockerel, the observation in male 
quail (1), that GnIH inhibits LH secretion in vitro. However 
repeated injections of GnIH failed to suppress the increase in 
plasma LH that occurs in incubating hens after nest depri-
vation (Fig. 1). These observations are in contrast to a study 
in the white crowned sparrow where an intravenous injection 
of GnIH transiently suppressed plasma LH after 2 min but 
not 10 mm, and an injection of 1000 ng GnIH antagonized 
the stimulatory effect of 10 ng GnRH on LH release (2). The 
sampling procedure used in the present study would not have 
detected a transient depression in plasma LH after 2 mm. The 
failure to demonstrate a long-term inhibitory effect of GnIH 
in vivo in nest deprived incubating hens (Fig. 1) may be 
explained by an inappropriate dose or timing of GnIH 
administration. Alternatively, it is possible that the quail 
GnIH used in the study, which differs from the predicted 
sequence of chicken GnIH by a conservative substitution of 
lysine by arginine at postion three, may be inactive in the 
chicken in vivo. This is unlikely because quail and white 
crowned sparrow GnIH are equally effective in depressing 
plasma LH in the white crowned sparrow (2) and the 
predicted sequence of white crowned sparrow GnIH 
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(SIKPFSNLPLRF-NH 2) differs from quail GnIH at posi-
tions 5, 6 and 7 (2). Therefore, it appears that the key 
sequence needed for the depressive effect of GnIH on plasma 
LH is the terminal LPLRF, which is conserved in the chicken 
GnIH sequence. For this reason, it is predicted that quail 
GnIH should be biologically active in the chicken in vivo. 
In agreement with the finding in the quail (1), GnIH 
inhibited LH release in vitro in the cockerel (Fig. 2E) and 
further also inhibited FSH release (Fig. 2D). This depressive 
effect of GnIH on LH and FSH release correlated with a 
depression in the concentrations of common c and FSH3 
subunit, but not LHP subunit mRNAs. It remains to be 
demonstrated whether this suppressive effect of GnIH is a 
consequence of an inhibition of common ct and FSHP subunit 
gene transcription, or of decreased stability of the gonado-
trophin subunit mRNAs. The possibility that GnIH also 
depresses LHj3 mRNA cannot be excluded because the half-
life of chicken LHP mRNA was calculated to be 13 h 
(Fig. 3c) which is much longer than the 120 min experiment 
performed in vitro. Mammalian LHf3 mRNA has a long half-
life, 44 It in the rat (17), whereas the shorter, 4-8 h half-lives 
of common ot and FSHO subunit mRNAs calculated for the 
chicken (Fig. 3A,B) are similar to those reported for the 
corresponding mammalian mRNAs (17-21). 
It is possible that the suppressive action of GnIH on LH 
release is mediated by more than one mechanism: the first 
appears to be a short-acting effect, as suggested by the 
observations of Osugi et al. (2), whereas a second, long-acting 
mechanism is suggested by the observations in vitro reported 
in the present study: GnIH may inhibit LH release as a 
consequence of decreased LH synthesis associated with a 
decrease in constitutive LH release. The possibility that LH is 
released without concurrent GnRH stimulation has been 
reported in mammals (22, 23). Gonadotrophin subunit 
mRNA levels are maintained for at least 30 It after GnRH 
deprivation (24). In birds, this is supported by the observation 
that, in the male turkey, increased baseline plasma LH during 
sexual maturation is not associated with a change in GnRH 
pulse frequency or amplitude (25). It is relevant to note that 
baseline concentrations of LH in laying hens are not pulsatile, 
providing further evidence for a constitutive release of LH in 
the chicken (26). If GnIH inhibited LH release in vitro as a 
consequence of inhibition of synthesis, LH synthesis would 
have been depressed within 120 min of the pituitary fragment 
incubation experiment. There is no information on the rate of 
LH synthesis in birds but, in mammals, synthesis to process-
ing and packaging of a mature LH dimer takes 1.5 h (27). 
This was within the time-frame of the incubation experiment 
and supports the view that GnIH may suppress LH release 
secondarily to a reduction in synthesis. 
The possibility that the GnIH-induced depression in the 
common a subunit mRNA is responsible for the reduction in 
LH synthesis and release would be unlikely in mammals 
where the common ci subunit protein is always in excess of the 
LH3 subunit protein (28, 29). The synthesis of gonadotrophin 
3 subunit is therefore seen as the limiting factor for 
mammalian gonadotrophin synthesis (30), because pituitary 
concentrations of common et subunit mRNAs are three- to 
four-fold greater than levels of LHL3 in the rat (31, 32). 
However, in the cockerel pituitary, the concentrations of 
common a subunit mRNAs and the two gonadotrophin 13 
subunit mRNAs are similar in concentration, ranging between 
I x 10_18 and 1 x 10 19 M in vitro (Fig. 2A-c) and this does 
not take into account the concentration of TSHJ3 subunit 
mRNA, for which no information is available. The view that 
the common a rather than the LHf3 mRNA levels is predictive 
of LH secretion in birds is supported by observations in 
Japanese quail where changes in plasma LH induced by feed 
restriction and refeeding were correlated with common c, but 
not LH13 subunit mRNAs (33, 34). This is in contrast to 
mammals where neither the common a or LH13 subunit 
mRNAs are predictive of plasma LH concentrations (35). 
LH release into the incubation medium and gonadotrophin 
ct subunit mRNA were inhibited in the presence of 
1 x iO M and 1 x 10_6 M but not of 1 x 10 - M GnIH 
(Fig. 2A,E). This correlation further strengthens the view that 
GnIH inhibits LH release secondarily to a depression in 
common ot subunit mRNA. The lack of an effect of a high 
dose of GnIH on LH release can be ascribed to a desensi-
tization of the gonadotrophs. By analogy, the phenomenon of 
desensitization has been demonstrated for the response of the 
chicken (11, 36) and mammalian (24, 37-39) gonadotroph to 
continuous GnRH-I exposure. 
GnIH also inhibited FSH release in vitro (Fig. 2D), which 
confirmed a similar, but non-significant inhibitory effect on 
FSH release in vitro in the quail (1). However, it was not 
possible to demonstrate whether GnIH also inhibits FSH 
in vivo in adult hens because the chicken FSH assay was not 
sufficiently sensitive to measure it. The inhibitory effect of 
GnIH on FSH release in vitro correlated with a depression in 
common oe and FSH13 subunits. The highest doses of GnIH 
did not depress FSH release, again suggesting, as for LH 
release, a desensitization of gonadotroph function to GnIH. 
The inhibitory effect of GnIH on FSH release is suggested to 
be a consequence of reduced common ct or FSH13 mRNAs, 
resulting in reduced synthesis. In the chicken, FSH release is 
partially constitutive (40), as it is in mammals (41-43), and a 
reduction in FSH synthesis is predicted to result in a rapid 
decrease in release, as observed in the present study (Fig. 213). 
The physiological relevance of the depressive effect of 
GnIH in gonadotrophin secretion in vitro was evaluated by 
determining whether ovarian regression in the hen in two 
physiological conditions is correlated with changes in GnIH 
and gonadotrophin subunit mRNAs. In the first of two 
physiological conditions chosen for study (i.e. the incubating 
hen), ovarian regression was associated with increased GnIH 
mRNA, decreased common a and LH13 mRNA, and 
decreased plasma LH (Fig. 4A,B). This cascade of reduced 
neuroendocrine gene expression is consistent with the predic-
ted increase in GnIH release into the hypophysial portal 
vasculature, resulting in a depression in LH synthesis and 
constitutive release. This is also consistent with the depressive 
effect of GnIH on common ci mRNA and LH release in vitro 
(Fig. 2A,E). However, ovarian regression in the incubating 
hen, in confirmation of an earlier study (14), is also associated 
with a decrease in hypothalamic GnRH-I mRNA (Fig. 4n), 
which could also be responsible for decreased GnRH-I release 
and, consequently, decreased gonadotrophin subunit mRNA 
synthesis and LH secretion. In support of this view, it has 
been demonstrated in the chicken that GnRH-I stimulates 
© 2004 Blackwell Publishing Ltd, Journal of Neuroendocrinology, 16, 999-1006 
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common cc subunit mRNA (6; N. A. Ciccone, unpublished 
observation). There was no significant difference in concen-
tration of FSHI3 mRNA between laying and incubating hens, 
although it was not possible to determine whether this was 
related to plasma FSH concentrations because FSH cannot 
be reliably measured in laying hens. 
By contrast to incubating hens, ovarian regression in 
broiler hens at the end of a laying year was not associated 
with a change in plasma LH, nor in hypothalamic GnIH and 
GnRH-I mRNAs (Fig. 5a). No information was available for 
plasma FSH. Ovarian regression in these hens therefore 
appears to be downstream of a change in GnIH or GnRH-I 
gene transcription. However, it cannot be ruled out that 
ovarian regression is not due to altered patterns of GnRH-I 
or GnIH release controlled independently of steady-state 
concentrations of GnRH or GnIH mRNAs. However, it 
appears to be unlikely that ovarian regression at the end of 
laying year is a result of increased GnIH release and 
associated depressed plasma FSH release because, in contrast 
to the studies performed in vitro (Fig. 2), FSHI3 subunit 
mRNA in vivo was increased with no change in common ct 
subunit mRNA (Fig. 5A). The increase in FSHO mRNA in 
the out-of-lay hens can be most readily ascribed to the 
removal of the inhibitory effect of circulating ovarian 
steroids. In support of this view, FSHP subunit gene 
transcription is highly sensitive to the inhibitory effect of 
oestrogen and progesterone in mammals (44, 45) and, in the 
juvenile female chicken, pituitary FSH content is more 
responsive to the depressive action of oestrogen than is LH 
content (46). The depression in LHO mRNA in out-of-lay 
birds (Fig. 5A) could be due either to removal of the trophic 
influence of GnRH-I or to an increase in inhibitory effect of 
GnIH, although there is no evidence that chicken LH 
mRNA is controlled by either neuropeptide. 
In conclusion the results of this study provide sufficient 
evidence to suggest that GnIH may play a role in the 
neuroendocrine control of reproductive function. It remains 
to be established whether GnIH plays a pivotal role in avian 
reproduction. GnIH may have a modulatory function and be 
particularly important in the control of the onset of puberty, 
as well as the regulation of the timing of seasonal breeding. 
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